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NOTE. 


It was in 1860 A.D. that Reverend E. Burgess published 
his famous translation of the Sarya Siddhünta, in the Journal of 
the American Oriental Society. Owing to the time, thought and 
patient diligence that he and his colleagues devoted to the task, 
this translation stands out as a model of research work in the 
field of Hindu astronomy. Now after a lapse of three quarters 
of a century it has become almost inaccessible to any Indian 
researcher of the present times. The Calcutta University is now 
publishing a reprint of this valuable work and this, it is hoped, 
will remove a long-felt want. The supervision of the work of 
reprinting was done by Mr. Phanindra Lal Ganguly, M.A., 
B.L., P.R.S., of tbe Department of Pure Mathematics, Calcutta 
University. 


To the reprint is prefixed an introduction which attempts at 
tracing the growth and development of the Sarya Siddhanta as 
to its date, authorship and methods according to the most recent 
researches of its writer ; it also aims at showing the indepen- 


dence of the Hindu scientific astronomy of any foreign, more 
specially the Greek, source. 


The cost of publishing this reprint is met out of the Research 
Fund in Indian Astronomy and Mathematics created by the 
late Maharaja Sir Manindrachandra Nandi, K.C.I.E., of 
Cossimbazar. 


CALCUTTA, 
August, 1936, 





INTRODUCTION 


The Hindu scientific astronomical works are divided into 


: two classes. Some of tbese are works of distinguished astro- 
nomers like Aryabhata I (499 A.D),  Làtadeva (505 A.D.),* 
Varahamihira (550 A.D.),t Brahmagupta (628 A.D), Lalla 
(748 A.D.),t Manjula (932 A.D.), Sripati (1028 A.D.) and 
Bhaskara II (1150 A.D.), whose works are : 

Works. Authors. 

The Aryabhatiya and another Tantra ... Aryabbhata I 
The Romaka and the Pauli&a Siddhantas Latadeva § (Expounder; 
The Pafica Siddhantika —.. Varšhamihira 
The Brahmasphuta Siddhanta and the 

Khandakhddyaka ... Brahmagupta 
The Sigyadhiorddhida .. Lalla 
"The Laghumdnasa and the  Brha- 

= nmdnasa ... Manjula 

! The Siddhanta Sekhara .. Sripati 

a The Siddhàánta Siromani ... Bhaskara II 


ESI "These works and their authors are now wellknown. Of 
|. . these Lāțadeva || wasa direct pupil of Aryabhata I. There is 
now no doubt as to the times when they lived and composed 


" 
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5 x. 


ss their works. 
|  .. Some again of the Hindu astronomical works are alleged as 
i hors have hid their names 
t ' 












N 7 etc., Pafica Siddhantika, i. 8. 
— EE | ata I (Poftea Siddhéntika, xv, 20), and is mentioned 
| UR by: | (Brühmasphuya Siddhánto, xxi, 39). 

RESEP. O. (ntroduction to the Khandokhadyaka, pp. xxiv-xxvii, Calcutta 
The Khagdakhadyaka was known to Burgess as the Khanqakataka 


D 


/$. Panca Siddhantika, i, 8. 
|| P. C. Sengupta, Introduction to the Khandakhadyaka, p. xix- 
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and their times with the definite motive of making their astro- 
nomical systems and calculations acceptable to the people of 
Hindu India, by representing them as direct transmission from 
their gods. To this class belong the following Siddhdntas :— 


1. Strya Siddhanta. 10, Marici Siddhanta. 

2. Paitamaha Siddhénta. 11. Manu Siddhànta. 

8. Vydsa Siddhanta. 12. Angira Siddhünta. 

4. Vasistha Siddhdnta 13. Lomaéa (Romaka ?) Siddhünta. 
5. Atri Stddhdnta. 14. Paulisa Siddhànta. 

6. Pará&ara Siddhdnta. 15. Cyavana Siddhinta. 

7. Kdayapa Siddhanta. 16. Yavana Siddhanta. 

8, Naàrada Siddhanta. 17. Bhrqu Siddlamnta. 

9. Garga Siddhanta. 18. Saunaka Siddhanta. 


Their name is eighteen * to match the Purdnas of which also 
the name is eighteen ; so revelation is eighteen ways stated. The 
versifier might have easily pushed up the number to twenty which 
is the number of the authors of the Dharma Sástras.* But 
at the time of Varaha only five of these Siddhdntas were known, 
viz., the Pauliéa, Romaka, Vasistha, Saura and the Paitdmaha 
Siddhüntas. Even at the time of Bhaskara II, the well-known 
ones were five,§ and regarded as gamitas or treatises on astro- 
nomy. Some of these eighteen works are known from the 
quotations made from them by Bhattotpala (966 A.D.) in his 
commentary on the Brhat Sarmhità of Varáhamihira, while the 
rest are known in name only. Some of these, again, were purely 
astrological treatises. The Sirya Siddhanta is at the top of 
this class of revelations. It was revealed to Maya an Asura, in all 
probability an Assyrian or rather a Babylonian. The date is 


* wr ferret at wfarWlsfa: vom: wa] aed) maf welfergefires: ú 

aan: diferzümw saat masi wy: | xesiserewrAm surfer vm og 
Quoted by Sudbákara, wancfirs}, g: t ! 

Cf. Burgess" quotation on pp. 322-24. 

+ o wmfafeguita-urmaesnsmsfex | amaai spur wu n 
quanta saat) . matai ware haraa NASN ú 

Yàjñaralkya Smrti, 
1 Pfewoaeales-dieGarrerg fawra; | Panca Siddhüntika, i. 8. 
$ afaa we wqtttcrraiaea u: | Lildeoti, 250, tbe last stanza. 
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-stated to be 2163102 B.C.* to which no historical value may be 
attached. Again the Sürya Siddhánta is the most important of 
this class of works and some attempt should yet be made to 
ascertain its true date. From internal evidence alone Burgess 
came to the conclusion that the superior limit to its date is 
--490 A.D.* and that the !ower limit is 1091 A.D. as ascertained 
by Bentley, and took the mean date to be 560 A.D. Our view as 
i to the nature of the work is that it is a composite growth dating 
- from about 400 A.D. to the middle of the eighth century or the 
lower limit may even be the end of the eleventh century as found 
by Bentley. The date of its commentator Rañganšátha is 1603 
A.D., when it was made safe from the hands of its interpolators. 
It is possible to distinguish three distinct stages of its growth :— 
' (fa) The original work as it existed before Varáhamihira. 
. (b) Varüha's redaction with the epicyclic theory in it. 
(c) Later additions and alterations, 
Evidence of Astronomical constants compared. 
All these three stages are discernible firstly from a comparison 
of the astronomical constants of the modern book with those of 
— Aryabhata Ias given or indicated in the Khandukhddyaka of 
| Brabmagupta with those of the Sirya Siddhanta of the Pañea 
Siddhàntika of Varáha. 


3 A. Planetary Revolutions in a Mahāyuga of 4,320,000 years. 
M- Lea 


yn sat According to 













n 2 ling to th S A ing pcordiny Change X 
uw | .| Sa iddhdnt the modern e mode 
Ts handa yaka rya hánta Frya Siddhanta.| Sürya Siddhánta. 





of Varáha. 









57753336 51153336 nil 
4320000 4320000 nil 
24 2996832 +H revols 
364220 864220 nil 
146664 146568 + 4 revols. 
445219 448203 — 16 revols 
7022388 7022376 — 19 revola. 
17937000 17987060 + 60 revols. 
232226 | 232235 + 12 revols. 
E Siddhanta , i, 57. + Translation, p. 244. 





, p. 24, also Bentley's Hindu Astronomy, p. 103, 





zix SURYA SIDDHANTA 
| It is clear from the above table that the modern Sarya- 
_ Siddhünta is different from the state in which Varaha left it. 


Thus far as regards its planetary revolutions only. There were 
other changes also as will appear presently. 


B. Longitudes of the apogees or aphelia of the orbits at 499 A.D. 










According Accordin osa to 
P to the to —— * the Brahe According to As calculated 
lanet. K} a- Süry sphuta the modern from modern 











Sun 80" 80" 
Mercury 320° 920" 
Venus 80" 80° 
Mars 110° | 110° 
Jupiter 160° 160° 170° 171"16° 170*22" 
Saturn | 240* | 240° 252° 2896*37' 2484) 





From thia table it is seen that the modern book is not in 
agreement with Varaha’s Sürya Siddhdnta, As to the longi- 
tudes of the apogee and aphelia of Sun, Mars and Jupiter the ` 
modern Siddhünta is in agreement with the more correct values 
of the Brahmasphuta Siddhanta of Brabmagupta or that it has " 
borrowed these elements from the latter work. 


C. Dimensions of Epicycles of Apsis. 


TW According to | According t to | According to According to 

Planet. the Khanda- Varüha' the Uttara the modern 
khüdyaka. Sürya Siddhànta. Khandakhüdyaka.| Sürya Siddhanta. 

Bun 14* | 14* 13°40 13*40' to 14° 
Moon 81° B1" 81*30" 31°40° to 32* 
Mercury 28" r 28 — 28° to 36° 
Venus 16° 14° — 11° to12° 
Mara 70° 70^ — 92° to 75° 
Jupiter 82" 832" 


a 92° to 38" 
Saturn | 60" 60* 48" 48° te 49° 


. The great disagreement in the estimate of the longitude of the sphelion of Venns ` 
by the ancients is due to the fact that the eccentricity of its orbit was taken aa nil 


of the Venus’ epicycle was taken more or less coincident with 
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Here also the modern Sarya Siddhānta seems to have. börrow- 


























ed from Brahmagupta, specially in the cases of the Sun, Moon 
and Saturn. 
D. Dimensions of the Sighra Epicycles (Epicycles of Conjunction). 
According to the According to Varšha' According to the 
Planet. Khantakhadyaka. | Süry Siddhánta. ` mod. S.S dhànta. 
Saturn 10* 
` Jupiter 72° 
Mars 234* 
Venus 260* 
Mercury 132° 
3 Prr : 
E. Longitudes of the Nodes of the orbits of Planets at 499 A.D. 
- i - E ——— — —— —— ——————— ——— 
According to According According to As calculated 
Planet. the Khanda- Varāhs s the modern | from 
khádyaka. Sürya Siddhànta.| Sürya Siddhànta. rulea. 
or aș 
: | Not given in 
"T. ^A Jupiter 80" the text of TIMI 85*13' 
TA | Pafica | | 
BE Mars 40* Siddhantika. 40* 5 37°69" 
E A 'enus 60* 59°46’ 63°16" 
TM | Mercury | 20° 20" 44" 30°35" 
TET bees Gii +< * =- 





nek A ‘Tt will appea that in the eletnénts under D and E the modern 
— book has not changed much from Waraha’s Sarya Siddhanta. 


P. Geocentric Orbital Inclination. 





cording to the According to the According to 
wathadyake. | Steve SOMMA | Sarya Siddhanta. 
—— 
101” 90" 
135° 120° 
101° 60’ 
101" 120° 
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Here we see the modern book follow the Khandakhddyaka, 
but the figures of Varaha’s Sürya Siddhünta show that there was 
a Surya Siddhanta before his time and that he did not think it 
necessary to change these elements. 


G. Number of Civil days in a Mahayuga. 


According to the Khandakhadyaka = 1577917800. 
= Varüha's S. Siddhünta —1577917800. 
A the modern S. Siddhünta = 1577917828, 


which shows an excess of 28 days, evidently a later innovation 
done by some unknown person after the time of Varāha at least. 


Now as the Khandakhadyaka constants are taken from Arya- 
bhata I's drdhardtrika (midnight) system of astronomy and as the 
constants of the Sgrya Siddhdnta of Varaha as given in his 
Pañea Siddhüntiká are almost the same as those of the Khanda- 
khddyaka, it is clear that the old Sürya Siddhdnta was made 
up to date by Varaha by replacing'the old constants in it by new 
ones from Aryabhata I's *midnight' system." A subsequent 
redactor of the Sürya Siddhdnta changed the constants as intro- 
duced by Varaha by following Brabmagupta's teachings in his 
Brahmasphuta Siddhàánta and the Uttara Khandakhddyaka, as has 
been shown above in the elements under the headings B and C. 
He also made other changes as have been noted already under 
the headings A and G. 

Thus from a' comparison of astronomical constants we have 
established that there was a book named the Sürya Siddhdnta 
before Varaha’s time. "Varüha was one of the first to im- 
prove upon it and make it up to date. The present redaction 
took place decidedly after the time of Brahmagupta. In course 
of time even these changed constants were thought out of 
date, and according to Bentley at about the beginning of 


© Cj. P. C. Sengupta, Introduction to the Khapdakhadyaka, 
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> sixteenth century, the planetary revolutions were further 
ed nied — 


= WAQ 
















Changed ——À | 
as corrected by bija. Change. 





Bae ording to Diksita these new corrections were introduced 


"eph $'tti c s 


P y the author of the Makaranda tables. JT 
TE Ai É: The position we have taken as to the nature of the modern 
r fie a Siddhanta is further corroborated by 


x A 2 Che Ev idence of Planetary Theories in the Modern Book. 
J | 
— Es Bren in he meer Sirya Siddhanta the traces of its oldest 
1 Be recognised. We can actually find two distinct 


planetary theory which is followed by the — epi- 
‘The first few stanzas run as follows :— 


Ea F ori 18 of ' time, of invisible shape, stationed in the zodiac, 
illae —— junction (Sighrocca), apsis (mandotca) and the 
Moa 3 (pà äta), are. the causes of the motion of the planets. The 
wate hed to these | beings by cords of air, are drawn away 
v th is $ ye h the right and left hand, forward or backward, 
ide nd Nd Maitt Pur DR «^ 
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according to nearnéss, towards their own places. A wind, more- 
over, called provector (pracaha) impels them towards their apices 
(ucca) ; being drawn away forward and backward, they proceed 
by a varying motion. When the planets, drawn away by their 
apices (ucca) move forward in their orbit, the amount of motion 
so caused is called their excess (dhana); when they move back- 
ward, it is their deficiency (rna).'' * 

This represents a system of astronomy prior to and quite 
distinct from the epicyclic astronomy. The weca is conceived 
as of two classes, the first, the mandocca, in the case of the sun 
and the moon, means the apogee where this angular motion is 
slowést and in the case of other planets it is the aphelion point 
of the orbit. The other type of ucca is the Sighrocca (the apex 
of quick motion), which in the case of superior planets coincides 
with the mean place of the sun, and in the case of an inferior 
planet, is an imaginary point moving round the earth with the 
same angular velocity asthe angular velocity of the planet round 
the sun : its direction from the earth is always parallel to the line 
joining the sun and the inferior planet.t The pata means the 
ascending node of the orbit. 

We first proceed to explain the action of the mandoccas on 
the mean positions of planets. 


Let U P MN M’ be the circular 
orbit of the sun or the moon round the 
earth E. U the position of the god 
of mandocca who is supposed to be 
sitting there facing E, the earth. 
When the mean planet is anywhere at 
M in the half circle UMN, it is drawn 
toa point P which is nearer to U, M P! 
the pull or rather the displacement is M P and is negative ; hence 
according to this theory the equation of the centre is negative 
from the apogee U to the perigee N. In the other half circle 
N P'U, the pull is exerted by the left hand, the mean planet M’ 
is drawn forward to the point P’ and the equation of the ceritre 


ya 









* Translation, 
4 i, 20 and xii, 
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ig" now positive. Thus so far as the character of the equation 

was concerned this crude theory was deemed sufficient, The 

mean motion was thought to be produced by the planets being 

beaten by asterisms as described in [, 25-26. The strings of air 

by which the god of apogee produced the displacements were 

given the name pravaha. It is further evident the ideas of 
, ‘attraction’ and the consequent  'displacement" were not 
fully distinguished. To sum up, this represents a system of 
astronomy which only recognised the inequalities due to apsis 
and tabulated the equations according to the position of the mean 
planet relative to the apogee. 

We now proceed to consider the other planetary inequality, 
and this was considered to take place under the attraction of the 
god of Sighra or the quick apex. The older theory of modern 
book also tells us that this god also draws the planet towards 
himself. This is now separately illustrated for inferior and 
superior planets. 


Sighra of Inferior Planets. 


‘Let E, H, V be the positions respectively of the earth, the 

sun and an inferior planet in superior conjunction. From the 

line EHO, cut of ES=HYV the radius of the orbit of V, then 8 

H is the position of the śighra of V. After some days let E' and 
N' be the positions of the earth and the inferior planet. Irom 
E’ draw E'S’ equal and parallel to HV’, then S' is the new 
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The inferior planet is seen from E in the direction E'V'. 
The šighra god has, as it were, drawn the mean inferior planet 
from the direction E’H to the direction E'V' and the displace- 
ment produced is measured by the arc HM shown in the figure 
and is in the direction of S —the line WH is, as it were, turned 
towards E’S’ to the position E'V'. In other positions of 


E, V and S the displacements due to $ighra are also readily 
explained. 


Sighra of Superior Planets. 





Let E, H, J be the positions of the earth, the sun and a 
superior planet at conjunction. Let E' and J’ be the positions 
in the respective orbits of the earth and superior planet after 
some days. 'The superior planet is now seen in the direction 
E'J/ from E'. From E' draw E'O parallel to EHJ, and EJ, 
equal and parallel to HJ’. Here the &ighra is H. The planet 
instead of being seen in the direction EJ, is actually seen from 
E’ in the direction EJ”. The displacement due to the šighra H 
is represented by the angle J'E'J,, or the arc. J, M shown in the 
figure. The turning of the line E'J, into the position E'J' is 
towards the direction E'H of the éighra. Similarly in other 
positions of E, H and J, the displacements due to sighra are 
readily explained. | 

It is evident that the imagined displacements due to this god 
of &ighra are always towards himself and are sometimes positive 
and sometimes negative, 
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The state of development of astronomy is apparently pre- 
epicyclic. It shows that both the planetary inequalities were 
separated, however imperfect this separation might have been. 
Ptolemy might claim that it was he who first separated the two- 
fold planetary inequalities,” but his claim to originality should 
now be set aside. Even Hipparchus is now regarded more as s 
verifier and corrector of Babylonian astronomy than as the maker 
of a new science.! 

Having finished our explanation of the older planetary theory 
of the Sarya Siddhünta as to the action of the gods of manda and 
éighra on the motion of planets, we turn to the action of the 
pitas on the ascending nodes which is thus described : 

'* Tn like manner, also, the node Rahu, by its proper (own ?) 
force causes the deviation in latitude (riksepa) of the moon and 
the other planets, northward and southward, from their point of 
declination (apakrama). When in the half orbit behind the 
planet, the node causes it to deviate northward ; when in the 
half orbit in front, it drawa it away southward. In the case of 
Mercury and Venus, however, when the node is thus situated 
with regard to the conjunction (Sighra), these two planets are 
caused to deviate in latitude, in the manner stated, by the attrac- 
tion exerted by the node upon the conjunction (Sighra).'" II, 6-5. 

This statement here unmistakably means the ascending node. 
Tn the case of the inferior planets a very great advance was made 
when their celestial latitude could be recognised as depending on 
the distance of the 4ighra from the node. This step must have 
had a long history behind it, which is now lost. 

We omit the next three stanzas which are unimportant ; the 
next two are: 

“ phe motion of the planets is of eight kinds: retrograde 
(vakra), somewhat retrograde (anucakra), transverse (kutila), slow 
(manda), very slow (mandatara), even (sama); aleo, very swift 
(atiñighra), and that called swift (Sighra). Of these, the very swift 


* "Tbibaut, Introduction to Parca Siddhàntikà, p. lii. 
! | jia Britannica, History of Astronomy, Babylonian Astronomy. 


1 
Manitius also in bis introduction to his edition of the Syotuxis repudiates the inordi- 
nate claima of Ptolemy (Teubner, Leipzig, 1913). 
I» o 
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(atisighra), that called swift, the slow, the very slow, the; even — 
all these five are forms of the motion called direct (rju); the some- 
what retrograde is retrograde." II, 12-13. . 

The concluding portion of the last stanza has, not been 
properly. translated. by Burgess.. The last sentence should have 
been '* what are retrograde motions have been enumerated in 
proximity to anuvakra motion.'' The last stanza means that the 
last five sorts of motion enumerated in the twelfth stanza. are 
direct and the first three are retrograde.  Burgess's observation 
on this is worth quoting. He says ‘‘ this minute classification 
of the phases of a planet's motion is quite gratuitous, so far 
as this siddhünta is concerned, for the terms, here. given do not 
occur afterward in the text.'' We think he could have also said 
that the conception of the gods of manda and šighra for explain- 
ing planetary inequalities was. equally so. But we hold with 
reason that these eight ways of planetary motion are a relic of a 
forgotten history of Hindu astronomy. Such eight-way motions 
of planets are thus referred to by Brahmagupta.: 

‘* A person who has said that Aryabhata knew the eight-way 
motions of planets has made an incorrect statement.'' * 

Again of these eight-way motions of planets we find two used 
in the Pazica Siddhántiká, Chapter XVIII, which describes what 
is known as grahacüra (the courses of planets). These. are the 
vakra and the anuvakra motions ; the latter motion spoken of as 
taking place after the vakra motion (retrograde motion), is accord- 
ing to tbe literal meaning of the term anuvakra, when the planet 
is reaching the next stationary point. 

The next stanza of our siddhdnta runs as follows: “ By 
reason of this and that rate of motion, from day to day, the 
planets thus come into accordance witb their observed places 
(dr&)—this their correction, I shall carefully explain.” 

The translation though not very exact yet sufficiently conveys 
the idea. After these introductory words one would naturally 


* wena aon genfi uwgmapesem! | 
Brühmaasphuta Siddhanta, xi, 9. 


Cf. also Brhat Samhità, vii, 15-16, and commentary thereon which quot es from 
Vrddbs Garga. 
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expect that the author would give ns tables of equations of apsis of 
all the planets and in the cases of the ‘ star planets ' the different 
stages of their eight-way motions together with their amounts 
in different periods of time. Instead of this we percieve the 
hand of the interpolator breaking the continuity of the topic and 
all ‘op a südden bringing in a table of * sines ” copied —— 
from the Aryabhatt ya, * and how to use it for finding the * sine ' 
EM. and the ‘ cosine ' of any given arc and the converse process ; the 
method. of finding the sun's declination, how to find the anomalies 
of apsis and of the Sighra ; the dimensions of the epicycles of 
either class for the planets; the methods for the calculation of 
the equations of apsis and of the Sighra and how to apply them ; 
> the methods of calculating the instantaneous daily motions of 
planets both for the apsis and the Sighra borrowed respectively 
from Aryabhata I and Brahmagupta as we shall see later on. 
_ Then suddenly the older planetary theory is suffered to remain 
in its original form, viz., 


oe” 054 Ce a 
* 21 


IF" V. 


Nt" : 
| ua Ali 
"| Ae" N 


« When at a great distance from its” conjunction (Sighrocca), 
—— a planet, having its substance (body ?) drawn to the left ane 
CS RUM. x slack cords, comes then to have a retrograde motion.’ 
i ¢ * om 
a pem ‘older theory of cords of air of the gods of Manda and 
x Sighra. has been spared by the interpolator. "The stanza shows 
P, P | & recognition of the fact that in the ease of a superior planet, the 
| Et "a tf ‘retrograde motion takes place near about the opposition and in 
/— the case of an inferior planet near about its inferior conjunction. 
Ew Iow this old stanza could be permitted by the interpolator to 
remain i in the book with all its vagueness seems to us a mystery. 
| In the very preceding stanza is described the explanation for the 
; gra de motion under the epicyclic theory. After this we can 
“no further find ; any trace of the older theory left in it. Thus 
we find another argument in support of our theory that the 
ie mina Siddhánta is a composite work showing the relics 


bota tw older strata yet contained in it. 

















A 





b T `a value of the ` sine ' of 60* is wrong, while those of Brahmagupta 
and 3bëskarn II ‘are "weeurate. B. S. Siddhàánte, ii, 9-5: Siddhàánta Siromam 
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Evidence of Astronomical Methods 


We, now proceed to consider some of the astronomical methods 
of the modern Sirya Siddhanta and to show that it has drawn 
largely from Aryabhata I and Brahmagupta. 


(a) Instantaneous Daily Motion of Planets affected by the 
Inequality of Apsis only. 


The planets meant are of course the sun and the moon 
according to the Siddhantas. The rule for finding the instantaneous 
daily motion of either of these ‘ planets’ is perhaps best illustrated 
by considering the case of the moon. 


Acourding to the modern Sgrya Siddhanta (II, 39, 43) the 
equation giving the longitude 1 of the moon on any day is 


P? x R sin (m —a) 
860* 


= w — 


where m is the moon's mean longitude, a the longitude of the 
apogee, P°=the periphery of the moon's epicycle of apsis where 
the circumference of the concentric =360° and R=3438/. 

If n and n' be the rates of the mean daily motion of the 
moon and her apogee in minutes, the instantaneous daily motion 
of the moon is expressed as 


_ (m —n/)P* x Tabular difference of ' sines ' at aro (m —«) 
LE 860° x 225 
: II, 47-49. 


Here the term ‘ sine ' means the Indian sine and is= R sin 0, 
where 0 is the arc. The value of R is also 3438: according to 
Aryabhata I, but ie =3270' according to Brahmagupta and 120! 
according to Varahamibira. The sines are calculated at intervals 
of 225’ of are. The above formula for instantaneous daily motion 
is readily demonstrated as follows :— 


Suppose |’ to be the longitute of the moon after a fraction r, of 
a day, then ; 


— — E x Rain (m—a- (n—n^7), 
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x E +. the instantaneous daily motion 


< = lon- D sin {m —o-- (n —n/)r) — R sin (m —2)] 


— a” x Tab. Diffce. of ' sines ' at arc (m—a). 


This vola itself is expressed by Lalla in his Sisyadhtorddhide : 
ii, 15 thus: ~ 


| The instantaneous daily motion of the moon 


ee Tabular Difference of 'sines' at are (m —a) x 10 
(q. — 88 , 





< 


— ies *«»⸗⸗ — x 31°30’ x Tab. Diffce. of 'sines' at arc (m —2) X 
Eur x 360° x 225 — Yu 


. "Here, n22 790/85", n=6/40", — 





X “> a | 
whic h is taken by Taila as — 


e a 


is divisor 295 '2 shows that the moon’s mean anomaly was 
n * ea. lly contemplated to receive an increment of more than 
25; n— =n! iteelt ia is about 784”. 
- Thi rule is again tound fault with by Lalla in Chapter iii, 43, 
whe re d le | Bays, 
Th ule of dividing the daily motion in anomaly of the 


icon by. 228 25 by v which the pupils of Aryabhata have obtained 
shite mean daily motion, gives the apparent 
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used for the current day." * 


We are not going to discuss tbe truth or otherwise of Lalla's 
allezation; what concerns us here is to show that the rule we 
are considering was obtained by Aryabhata I's pupils under the 
guidance of their teacher. The same rule is copied from 
Aryabhata I by Varühamihira in his Pañca Siddhantika, IX. 


Thibaut translates it as follows: 


daily motion of the moon for the day elapsed and it cannot be 


* Multiply (the motion of the anomaly) by the difference of 
the sines of (at ?) the anomaly, and divide by 225 ; reduce the 
result (to terms of the epicycle). The arc of the result is to be 
deducted from the mean motion in the six signs beginning with 
Capricorn, and to be added to it in the six signs beginning with 
Cancer.''! 

Put symbolically it is equivalent to: 

The instantaneous daily motion 


P(n —n/) x Tab. Diffce. of ‘sines’ at arc (m —a) x 225 
860 x 225 x 7/51" 


zn — 


Here the multiplier 560 reduces the result to terms of the epicycle, 


and the factor reduces the result to arc. As Varüha's radius 





226' 
51! 
=120/, his ‘sine’ of 225/ — 7/51", 

The rule of the modern Sarya Siddhanta under consideration 
is thus proved to be taken from Aryabhata I's or his pupil's 
works. We had to cite the rules of the Sigyadhicrddhida and 
the S&rya Siddhünta of the Pafca Siddhantikd, only because 
the Aryabhatiya does not contain it.. The rule in the form 


* mes sxs s mas Tà; ı 
an wszt afda aena wira my qha Ç 
Sudhäkara Dvivedi'a Edition. 
y avama aaia wr w qfcere à 
Panes Siddhüntikà, ix, 18, 


pa^ 
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in which Varaha gives it is given also by Brahmagupta and may 
be symbolically expressed as 


(n —n/) x Tab. Diffce. of 'sines' at arc (m — a) x P , 
3600x214 , à 


= yp — 


Instantaneous Daily Motion of the ‘Star Planets." 


We next consider the instantaneous daily motion of the 
planets which are affected also by the inequality ‘of the Sighra or 
conjunction. 


The rule of the modern Sarya Siddhdnta runs as follows :— 


' Subtract the daily. motion of a planet, thus corrected for 
the. apsis (manda), from ¿the daily motion of its conjunction 
(Sighra); then multiply the remainder by the difference between 
the last hypotenuse and radius, and divide by the variable 
hypotenuse (cala karpa); the result is additive to the daily motion 
when the hypotenuse is greater than the radius, and subtractive 
when this is less ; if, when subtractive, the equation is greater 
than the daily motion, deduct the latter from it, and the re- 
mainder is the daily motion in a retrograde (Vakra) direction." 
II, 50-51. . 

Symbolically it means, that the instantaneous daily motion of 
such a planet 


=n 4 ae =) 2 ne = R) 


in form, when n represents the mean daily motion of the planet 
as corrected for the apsis, n' the mean daily motion of the Sighra 
(conjunction), H stands for the bypotenuse of the fourth step in 
finding the longitude of the. planet, R the radius=3438 in all 
the siddhantas which are ‘revelations.’ 


` ary sro Bory fiera mcenia (ats) wm I 
eral «y zqfefuw" ratae w=nfsra a 
errantes nf eerie: Ya l. 


B. S. Siddhünta, ii, 41 + 42}. 
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- ” 


(n'—n)(H—R) 
- Now n + — — 


readily transforms into x 
ni~ Moan) x R 
H 


in which form it is given in the Soma Siddhanta thus :— 


“ Multiply the daily motion of the Sighra (conjunction) 
anomaly by the radius and divide by the hypotenuse ; the result 
applied negatively to the daily motion of the Sighra (conjunction) 
is the true daily motion, the motion is retrograde when the 
subtraction has to be done in the inverse way." * II, 29. 


This rule is evidently taken from the Brahmasphuta Siddhdnta 
of Brahmagupta where it is stated in the form: 


“ Multiply the motion of the Sighra (conjunction) of the 
planets of which Mars is the first, lessened by their mean 
motion as corrected for apsis, by the tabular difference of ‘sines’ 
used for finding the Sighra equation and divide the product by 
the first sine (214’) ; multiply the result by the radius and divide 
by the Sighra hypotenuse, subtract this last result taken as 
minutes from the motion of the Sighra (conjunction), the remain- 
der is the instantaneous daily motion of the planet." 1 


If E, denotes the Sighra equation of the planet, then 
* sfrwiberafafursurqer walas waa | 


xirémng si: ere wp fni ffi ween 


Soma Siddhünto, ii, 29, edited by Mm. V. P. Dvidedi, Benares. 
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adopting the same notation as before the rule may be syinboli-.. 
cally expressed as | 


aw. (=n) x Tab. Diffce. of 'sines' at arc Es x R* 
214 x H 


Now the first thirteen of Brahmagupta’s 'sines' are 


214, 427, 638, 846, 1051, 1251, 1446, 1635, 1817, 1991, 
2156, 2812, 2456. 


Hence the first thirteen tabular differences are: 


214. 213. 211, 208, 205, 200, 195, 189, 182, 174, 165, 154, 
144.* 

Each of these divided separately by 214, the first ‘sine’ 
gives very nearly á result=1, and a calculator seeing that the 
Sighra equation does never exceed 47^ and using Brahma- 
gupta’s rule simplified the fraction 


Tab. Diffce. of ‘sines’ at Es 
214 : 


to unity and thus gave the rule as 


aal mime 
w 3n: E 


which was modified in form and included in the modern Sürya 
Siddhànta. 


This rule of Brahmagupta has not been traced to any other 
earlier writer. It does not occur in the Paca Siddhantika of 
Varahamibira. Lalla has quoted Brahmagupta's rule with only 
one necessary change in his Sisyadhierddhida, ii, 44-46. The 


* For a proof of the rule the reader may consult the paper '' Infünitesimal Calculus 
in Indian Mathematics"—by me in the Cal. Univ. Journal of Letters, Vol. XXII, 


, 8-11, 
"2 
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proof of it is to be found in my paper on the Infinitesimal ` 
Calculus already referred to, and which is substantially the 
same as given by Bhüskara II in his Grahaganita, Spastddhikara, 
Comm. on stanza 39. Burgess has given a new proof of the rule 
in his translation which is now quite unnecessary. 


Other instances might be cited showing how the modern 
Sürya Siddhanta has borrowed from Aryabbata I and Brabma- 
gupta. Some of these we will discuss later on. 


Thus by some arguments by similarity of method we come to 
the conclusion that the modern S&rya  Siddhánta developed 
into its present form after the time of Brahmagupta. We now 
proceed to consider the date of the Sürya Siddhàánta from another 
evidence, viz., 


- Evidence from the Polar Longitudes of Junction Stars. 


The polar longitudes of the ‘ Junction Stars ' as given by 
Brabmagupta, Lalla, and the modern Sarya Siddhünta are now 
brought into evidence. Some of these longitudes are traditional, 
viz., those that are the same in these three works, some are 
corrected by the authors themselves. We may be enabled to 
find both the superior and inferior limits to the date of the 
Sürya Siddhünta from a comparative study. The  Pafica 
Siddhüntika of Varšha also gives the polar longitudes (according 
to Thibaut) of seven of these ‘junction’ stars which we shall take 
to be of the old Sürya Siddhünta as it existed before the time of 
Varaha. - 








| ag 
Star. 15 
z, e š 
Adin 
— Bharapi 
| Kyttika 32° 40° 
Rohini 48*0' 
Mrgaáir& 
P Ardra 
Punarvasu BB*0* 
Pusyà —— 
zs i Aálesk 107 *40* 
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For the date of the old Sšrya Siddhdnta we select the follow- 
ing stars: 


Excess in P, Long. io 


Brahmagupta. 
Krttika 4° 48/ 
Rohini 1° 28/ 
Punarvasu | p" 2 
Magha 8° O 

P. Phalguni 8* 0 
Citra 8° 


Sum =20° 19/ 


The mean excess in Brahmagupte's longitude comes out 
for these six stars to be 3° 23’, which at the rate of 72 years per 
degree is the excess for a period of 244 years. As we know 
definitely that Brahmagupta's date is 628 A.D., the date of 
the original Sürya Siddhánta becomes 384 A.D., this date we 
may set down as 400 A.D., which is the upper limit to the 
date. 


To find the lower limit to the date we have to select the 
following stars: 


Excess in P. Long. over 


Brahmsgupta. 
Aslega se Uv ha 2 
Visikha ... — U 
Abhijit... js" ook! d 
Sravana ... Se: AT: : 


The mean excess over Brahmagupta's polar longitudes for 
these four stars works out to be 1° 15’, which may be taken to 
correspond to 90 years after the time of Brahmagupta the P 
comes to about 715 A.D. 
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We are thus led to the conclusion that the modern Sarya 
Siddhanta became a composite growth from about 400 A.D. to 
725 A.D. from the evidence of its star table alone. The method 
: we have followed is perhaps more correct than the one that has 
— been followed by Bentley and Burgess as to this star table. 
— . — We have assumed that Brahmagupta and other observers of 

stars before and after him have been liable to the same 
sorts of errors. While no data are available to push up the 
upper limit to its date, the lower limit as calculated by Bentley 
from the latest value of the planetary revolutions cannot be 


challenged. 
The Sürya Siddhánta has thus undergone progressive changes ` 
— n its constants and the star table from 400 to 1100 A.D. The 
ei original work was in an amorphous condition before the time 
ye x of Varaba who gave it a crystalline structure by including in 
— . it the new astronomical constants and the epicyclic theory from 
—  —  Aryabhata I. Not only these, Varaha also put into his S&rya 
^ Siddhanta even the astronomical methods of Aryabhata I and his 
pupils, as we have seen in some cases already. More wil be 
. evident later on. 
l The changed Siddhanta was known to Brahmagupta * 
t perhaps as a distinct and different book from its fragmentary 
as P. redaction in tbe Pafica Siddhantika. Bhattotpala (966 A.D.), 
“Ae the commentator of the Brhat Sarhhita of Varáhamihira, cites 
: me stanzas ! from the Sürya Siddhanta current in his time. 











Tan «1 — Brühmasphuta Siddhante, xx, 8. 

— — fre wruuA xfasi w cexpefaeeer p fedtd saw a 

| ga. feret drew: uif wrwrewrwererm | waren fe ca aúrcfrafadhfam: a 
£ s 


E. frac rer arfa were <Ñ: | qup we wenns arua tfa: n 
* * Brhat Samhita, IV. 
Bot 


+ 
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These, however, cannot be trnced in the modern book. It appears 
that some stanzas have been deleted or replaced by new ones ; 
some again were rejected as interpolation by the commentator 


_Ranganatha. To this latter class belongs a stanza got by 


Burgess after I, 6 in his manuscripts without the commentary. 
A Bengali edition * of the Sgrya Siddhdnta records twenty-one 
additional stanzas between xiv, 23 and 24, which speak of the 
application of a system of corrections called Bija to the mean 
places as calculated from the Sārya Siddhünta. These stanzas 
were no doubt a later addition. Burgess at the end of his 
translation rightly observes : 

“ The Sfirya Stddhdnta, in the form in which it is here 
presented, as accepted by Ranganatha and fixed by his com- 
mentary, contains exactly five hundred verses. This number, of 
course, cannot plausibly be worked upon as altogether accidental ; 
no one will question that the treatise has been intentionally 
wrought into its present COMPASS..........cesccccsereescccerecscccceecssene 
There can be no reasonable doubt that the text of the — 
has undergone since its origin not unimportant extension ano 
modification.'" 

As we have already said we are inclined to understand that 
the original S&rya Siddhünta came from the asura or Babylonian 
source, and the date of its arrival was about 400 A.D. The 
question now is, could it not have arrived much earlier? In 
our opinion this does not seem probable for reasons set forth in 
the following brief historical review of Hindu astronomy from 
the earliest Vedic times. 


A Bird's-eye View of Hindu Astronomy from the 
Vedic Times to 80 A.D. 


So faras we have come to discover of the astronomical 
knowledge current in Vedic times, we find that the chief require- 
ments for the performance of Vedic sacrifices were to find as 
accurately as possible the equinoctial and solstitial days, and 


e Sürya Siddhünta, rendered into Bengali, by Vimali Prasida Siddbanta- 
Barasvath, Calcutta, 1896, 





INTRODUCTION xxxi 


thence to find the seasons. The Vedic months were synodic 
months and reckoned from a full-moon to the next full-moon. 
The month of Magha for instance was begun from the full-moon 

at the star group Maghas, of which the central star is a Leonis 

or Regulus till the full-moon at the star group Uttara Phalguni 

B Leonis and a Virgo.* The year was comprised of twelve or 
thirteen lunar months ;+ so that even in Vedic times there was 
always an attempt at adjusting the lunar calendar to the solar. 
The solar year was begun either from an observation of the sun's 
rising at its extreme south point or from the sun's rising at the 
east point exactly. Sometimes the year was begun one month 

æ before the sun’s arriving at the vernal equinox $ or with the 
spring. The seasons were, the winter, spring, summer, rains, 

-  gutumn, the hemanta or pre-winter, and six in number. Some- 
times hemanta and winter were counted as one season.§ The 
duration of each of these six seasons was two months and 
winter began when the sun turned north and the rains when he 


turned south. 
Again at the earliest Brahmana period (i) the sun reached 
- the winter solstice || at the full moon of Mäāgha, (it) the year was 


considered to be at its end at the full-moon at the star group 
P. Phalguni,S (iii) the Krttikas (Pleiades group) rose exactly at 


® With the procession of the equinoxes and solstices, the same month of Maágha 
came to be reckoned from the naw-moon preceding the full-moon at the Magbas till 
the following new-moon. Later on due to the same cause the month of Mighs was 
taken to ond with the full moon at the Magbüs. These two ways have survived up 
to now through the adoption of the aidereal year in place of the contemplated tropical 
year of the Vedic and later Vedic times. 
+ aren WDR Wu wr SaaS ATT. INO 
Satapatha Bradhmags, II Kaéods, 2 P., I Br., 27. 


Ae w Ure uuum: | W: BT. v t. % & °! 
TE: | Satapatha Br., II Kanda, 1 P. 6 Br., 3. 


NO "w 1 w š naaraan yngu smi e r8 | g'o 
~a Kaugitaki Brühmana, XIX, 3. 
nm ' « ga wp aan iata aa TTA didwrdi qurgut yu TI 


Kaugitaki Brühmana, V. 1. 


u = i.“ Cf. also Satapatha Brahman, VI Kinds, 2 Adhyày», 2 Br. 18 and also Tasttirsys 
icc — 1,1,9, 8. 
Ud — ENS 

à £ > T 
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< 


the east point* and that (e) the spring $ set in one 


day after the new moon of Caitra. From all of which we gather 


that the summer solstitial colure of the earliest Brihmana period | 
passed very nearly through the star 6 Leonis and that the date 
when this was the case, was 3100 B.C.¢ The  vethal 
equinoctial colure passed through the star Rohini or Aldebaran. In 
the later Vedic times the sun's turning north very probably took 
place a fortnight earlier. The Satapatha Bráhmama says that 
' some want to have a few nights more ; if they want some more 
then they should begin the sacrifices on the night on which the 
moon becomes first visible before the full moon at the Phal- 
gunis.""§ These sacrifies were begun as soon as the sun turned 
north. It shows that the solstices had preceded by about 15° and 
that the date when this took place was 2000 B.C. The earliest 
Brahmana period may be called the Rohini-Phalguni period. 
Even at this time the five early luni-solar cycle was known.ll 
The calendar was luni-solar in character. The chief signals 
for the beginning and the end of the year were the full-moon at 
the U. Phalguni and that at the P. Phalguni respectively ; from 
which the intercalary months were detected. 


Then we have the record of a Krttika-Magha period, 1.€., 
when the full-moons at the Pleiades and the Regulus were 
regarded auspicious times for the baths at holy places." The 
summer solstitial colure passed through the star Regulus and 
the vernal equinoctial colure passed through the stur group 
Pleiades. It can be shewn that this was the case at the time 
of the Mahabharata heroes, the Pin javas, who are also mentioned 
inthe Aitareya and the Satapatha Brahmanas.** Time of this 


* ge Š ur fas w wam—Satapatha Bráhmana, TI Baggs, Ch, 1, Br. 2, 3. 

+ aama care euren drew we wafa— x | 

t P.C. Sengupta, Age of the Bribmapas, in the Indian Historical] Quarterly, 
Vol. X, No. 3 (924). | 

& Satapetha Brühmana, 11 Kanda, Ch. 6, 4 Br., 11. 

|| weedeat wr ww ww sf) Taittiriya Brühmana, 2, 7, 11. 

ç MBb., Santi, Ch. 162, 17-18; Anu£üsana, Ch. 25, 36 and 46; also Anufüsana, 
Ch. 94. $e- | 

e" Aitareya Brühmayo, IV, 8, 21; Satapatha Brühmaga, XUI Kágja, V, 429. .— 





—— | |. INTRODUCTION xxxiii 


1! . determination of the equinoxes and solstices was about 2450 B. G. 

— ves knowledge of astronomy only progressed up to this tbat in 
si every five years there were two intercalary months. The months 
d Y were counted by nights, and perhaps not by tithis as we know 
= them to be now. "The nights were named by the stars to which 


| . the moon was in conjunction ; thus ‘‘I went out with the — 
pea . at the Pusya and have returned with the moon at the Sravana.’ 

|. . . We have no definite record whether the ecliptic was divided 
it into 27 equal parts, or into unequal parts as we find mention of 
: x uM in the Brahmasphuta Siddhánta, XIV, 47-52. 

— "We next have a record that the sun turned south at the 
MR 3 beginning of the naksatra Magha.+ The date of this on the basis 
2: of the Paca Siddhántika naksatra division the oldest at present 





known is about 1880 B.C. We do not know of any details of 
the development of astronomical knowledge in India at this point. 


E Then as we come to thetime of Jwotisacediñga we meet 
` with a statement that the sun turned south at the middle of the 
+. nakeatra Ašlesa. If we accept the same Pāñca Siddhantikd nakgatra 
























division, the time of this becomes about 1400 B.C.} The progress 
of the knowledge of astronomy was up to this that— 
In a period of five yearly luni-solar cycle, 
x . there were (i) 1,830 civil days, 
m (it) 62 synodic months 
> geet f (i) 30 omitted tithis. 
Y: We notice the adoption of the new chronometrical unit the 


B ` MBb., Salya, Ch. 34, 3. 


9 j 


T d o Tbe hall (year) commencing with the asteriam Maghi and ending with tbe 


— the ‘Sravigtbi belongs to Agni, while the sun performs his southern journey 

? m Cowell). Maitri Upanigad Prapa, 6 
aeu Archdeacon Pratt leamh by taking the 
3 2M pr bend the star Regulus; the beginning of Maghá is 
e . SB Siddnantiba at 6° behind the same star. His date 1151 D. C., must therefore 
be D — 216 years; the corrected date would be about 1400 B.C. 
nis p ositit of the solstices did not belong to tho Pindsva time, a* taken by all 


ers from. Sir Wm. Jones, Colebrooke, Davis to the time of Pratt. 
the common ancestor of the 


f wrong identification by 
nia, Calcutta Univer. 


8 


beginning of the Magh4 at 
placed according to the 


r ome r "Parüáara was not the father of Vyise 
mum e the Kauravns. Here we have an error o 
nila: rity of names, cf. Dr. Pradhan's chronology of Ancient I 
ity ` Press, p p. 269-71 ; alto J.A.8. , 1862, p. 51. 
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tithi, i.e., in which the moon gains 12° of longitude over the 


sun. From this time the lunar months very probably began to 
be reckoned from a new moon to the next new moon. 


This crude astronomy continued till the time of the present 
redaction of the Mahābhārata or the Sravanddi- Kala, i.e., the 
time when the winter solstitial colure passed through the nakaatra 
Sravana." The nine planets, viz., ‘sun, moon, Mercury, Venus, 
Mars, Jupiter, Saturn and the moon’s nodes, had been already 
discovered.t The signs of the zodiac were recognised to be 
12 in number but they are not named in it. (MBb., Adi, Ch. 3.) 


They were probably taken as parts of the ecliptic traversed by 
the sun in one month. 


The knowledge of astronomy did not progress any further 
also at the time of Kautilya (300 B.C.), who in his Arthasdstra, 
gives the same account of the knowledge of astronomy. 


At this time perhaps the only addition was the so-called 
Grahacüras or courses of the star planets discovered.  (Artha- 


SGstra, Ch. 41, mentions the cáras of Venus and probably of 
Jupiter also.) 


Then came the time of the Sürya Prajfiapti or the Abhijitddi 
Kala, i.e., when the full-moon at the naksatra Abhijit, marked 
the summer solstice. The time for this was about 200 B.C.— 
the knowledge of astronomy was at the same state, excepting 
perhaps a theory of a flatearth, with its mountains, two suns 
and two moons, causing days and nights. 


The same state of the knowledge of astronomy continued in 
India even up to 80 A. D., the date from which the calculation. 
of the Paitámaha Siddhánta as known to Varšha starts.> The 
signs of the zodiac were perhaps not yet called by the names, 


* Mahābhārata, Anudazana, Chapter 44. 


4, Aa to the discovery of Jupiter we have in the Taittiriya Brihmana, B, A; 1, 
wwsifa werd mima; p fel aafaa or when "Jupiter was first born 
he defeated the mnakgatra Pugyi by his brilliance.^" The star group Pugy® 
(3, acy cancri) has no bright stars in it and the planet Jupiter was detected when 

it carne near to this ster group. | | 

t Paca Siddhüntika, xii, 1-2. 


! I 
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Mesa, Vrsa, &c.* A peculiar feature of the knowledge of astrono- 
my of this period was the idea that the moon was more distant 
than the sun,t which is also noticeable in the Purünas. 


Thus from 100 to 400 A.D. we have a great gap of three 
hundred years in which astronomical knowledge from Babylonia 
and Greece came to India. The oldest Sürya Siddhanta was 
transmitted to this country during this period and its astronomy 
was most probably of a little more improved type than that of the 
Vasigtha Siddhanta of the Pafica Siddhantikad (P. C. Sengupta, 
Aryabhata, Cal. Univ. Journal of Letters, Vol. XVIII, 
pp. 9-15). 

We accordingly conclude that the earliest date of the Sürya 
Siddhünta, cannot be pushed up much higher tban 400 A.D., 
t while 199 A.D. was the date of our most famous astronomer 

Aryabhata I. 
Opinions as to its Date and Authorship. 


(ü) Nityainanda, the author of the Siddhantaraja. 


In his commentary on the Pafica Siddhantika Mm. Sudhakara 
Dvivedi bas said that the date of composition of the Si#rya 
 Siddhünta was stated by Nityünanda to have been the Kali era 
| 3,600 years elapsed 8421 of Saka elapsed = 499 A.D., the time 

of Aryabhata I. What were his reasons underlying his statement 





| ^ ait are not stated. One reason perhaps was this :— 

* Ge | That according to the modern Sürya Siddhanta, the total preces- 
^ aie « em sion from the beginning of Aries at this date — O. "The process is 
Ma -*. 

— e * In the  Yajura Jyotiga there is ú stanza ! 
‘the zodiac beginning with Mina or Pisces, but is regarded a3 an i 
by 3 m. Sudhákara Dvivedí. It is so unnumbered stanza put between 4 and 5 


Gudtakara’s edition- For a history of tbe formation and naming the signs 
! zo Babylonian 














which speaks of the signs of 
nterpolation 


da 


— 
P" J^ 


the zodiac cf. Encyclopaedia "Britannica, History of Astronomy, 


«1 —— is combated by  Brahmagupta in the Brdhmasphufa Siddhánta, 


* 
** 


Ss ee higher up than the sun, how could the phases of the moon be 
pon were ted tothe earth would always be 


frames fawgrecsmme wñ: wzfáwsasafaR wenn 
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briefly shown below : 


Total number of years elapsed since 
‘creation * till the end of the last 





Krta Yuga cab — = 195,37,20,000 
No. of years of the Trelá and Dvā- 
para ages —* sive = 21,60,000 
— * Xali age elapsed... = 5,600 
Total = 195,58,83,600 years. 


Now the number of alleged “‘ oscillations '' 
432,000 years 


of the equinoxes in 
— = 600 


(S. S., iii, 9-10) 


.". the total number of oscillations done in 1,955,883,600 years 


1955883600 x 600 
4820000 


= 271,650}. 


Now half an oscillation or a revolution gives no are for 
finding the ‘ sine’ ; hence at 499 A. D., according to the rule of 
the modern book the ayandméa or the total precession = 0. 
If we accept the explanation of the commentator, the ‘ circle of 
constellations" was about to swing eastward at 49 A. D; as 
the first oscillation according to him began in the weatward 
direction. The rule itself is awkward. Moreover what is taken 
to mean 600, may, from a strict grammatical point of view, mean 
really 30 as was understood by Bhiskara LGS 

The rules for finding the total ayandmhéa, is regarded as an 
interpolation in the modern Sirya Siddhdnta by many critics. 
Burgess himself (p. 119) says, ‘‘ There seems, accordingly, 
sufficient ground for suspecting that in the Sürya Siddhanta, as 
originally constituted, no account was taken of the precession ; 
that its recognition is a later interpolation." We do not find any. 


+ wr aver wgemd wa 
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rule for calculating the precessional change in Aryabhatiya, the 
Brühmasphuta Siddhanta (628 A.D.), the Sigyadhivrddhida (748 

A. D.). These rules are undoubtedly of later origin. "The date, 

499 A. D. or 421 Saka year, is the date of the Hindu scientific 
astronomy from which really all calculations start according to 

the Aryabhatiya and the modern Surga Siddhanta.* “The posi- 

tion, however, is that the modern Sšrya Siddhdnta bears un- 
mistakable signs of its indebtedness to Aryabhata I and Brahma- 
gupta, as we have already pointed out. The modern book can- 

K not be taken to have been composed at 499 A. D., nor can we 
subscribe to the view of Muniévara (1646 A.D.) that its author 

was Aryabhata I himself. There are indeed similarities between 

the Aryabhatiya and the modern Sirya Siddhanta, but there are 

dissimilarities too ; here is an example: 
- The rule in the modern Sarya Siddhàánta for finding the “gine' 
of the zenith distance of the nonagesimal is evidently taken from 
the Aryabhatiya. 


> Sürya Siddhanta, Aryabhattya, 
⁄ V, 5-6. | Gola, 33. 
Multiply the * meridian sine ' What is obtained by multi- 


by the ‘Orient sine’ and divide plying the ‘meridian sine ' by 
* by the radius: square the result, | the “ orient sine ' and dividing 
* — and subtract jt from the square by the radius—the square root 


" 


Ta of the ‘ meridian sine” : the | of the difference of the square 


- 


| square root of the remainder ia | of that and the square of the 
ET — the ‘sine’ of the ecliptic zenith ‘ meridian sine ' is the ‘sine’ of 

Be.) distance (drkksepa). the observer's ecliptic zenith 
T distance (drkkgepa). 













Nd This rule is only approximate as Burgess observes, *“ the value, 
E 4a then, of the ‘ sine’ of the ecliptic zenith distance (drkksepa) as 
iG... determined by this process is always less than the truth.” 


-Fe ? ; f " - 

|. — The aim here is to find the ‘sine’ of the zenith distance of 
N the nonagesimal, as a leading step to find expressions for the 

* — di < 

—— PETS a i 

e E | * The Jütakürpaca rule for the total shifting of equinoxes start from 421 A. D. ; 

g ef. P. C. Sengupta, Introduction tothe Khamdokhüdyaka, p. xix ; the Aryabhatiya, 

Kalakriya, 10; also P. O. Sengupta, Xryabbata, the Father of Indian Epicyclic 


As FONOID) '» pp. 95-86. 
Eo. 
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parallaxes in latitude and longitude of the sun and the moon at 
the time of solar eclipses. Aryabhata I's rules may be expressed 
symbolically thus :— 


Parallax in latitude = sin (5 x drkkscpa )* 
Parallux in longitude =sin-1( Š / Ršsin2Z — (drkkgepa)? ). f 


where 4 is the radius of the earth, d the distance of the planet from 
the earth and Z the zenith distance of the planet ; the assumption is 
that the celestial latitude of the moon is also = z. 

The above rules of Aryabhata I, are found in the Pañca Siddhāntikā. 
They are referred to as such by Brahmagupta in Chapter xi, 23-25, and 
found fault with as '' tedius operations.''1 


Here 


———MEP— C - 
drkksepa == A/ (Meridian ‘ Sine’)? — i Orient Sine x Merid. ‘Si _ } 


R 
according to Aryabhata J. 


The mistake in the rule for finding the drkksepa was perhaps first 
pointed out by Prthüdaka in his commentary on the Brühma- 
sphuta Sicdh nta, xi, 27. 

Prthüdaka takes a station on the arctic circle where as 
soon as the first point of Aries is on the horizon, the ecliptic coin- 
cides with the horizon. Now if the sun's longitude be 90°, the 
sun is at the north point at that time, thus, 


The ‘ sine ' of his amplitude or the * orient sine" = R, the 
radius ; 

The so-called ‘‘ meridian * sine ' '' is also equal to R, as the 
culminating point of the ecliptic is the south point. 


So, Orient Sine x Meridian Sine _RxR _ R 
Wad Sac. AREE a i 


* Pañea Siddhantika, ix, 24-25. 
4 Ibid, ix, 19-23. 


: — — 


i, 
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—n css 


= y (Merid-Sine)? —(Orient Sine x Mer. Sine)? 
— 


es me taf Te ee ne. O. 


E. Hence the parallax in latitude which is proportional to drkkgepa, 
is = 0. 

In this case the parallax in latitnde has evidently maximum 
E viz., the horizontal parallax. Aryabhata’s rule fails hope- 


- lessly in this case. 
E Again under the same conditions, the sun's zenith distance 
-— E = 90, , hence the * sine ' of the sun's zenith distance—R. 


— Hence the parallax in longitude > 
Eu == — EC JR? sin. Z— (drkksepa)° ) 





S uu ( T ( +R) 


— Horizontal parallax. 


—* 
om i! 
s Y 


1 But here the parallax in ion gies is clearly=0, and Arya- 


— here also, 
à I ect i in — 8 rules are those for — the 





y E nied the wrong ral e of y clos I up to this point; but han 
e iu bse quently followed Brabmagupta for finding the parallaxes in 


| latitude. I 
i — modern Sürya Siddhünta for parallactic shift- 


e E — — of conjunction is expressed as 


£ ' l 
— Li Bd 


= yarns x R sin EO XB oon Z ghatikás, 


$ P Eo x —— * 


S (s bue. Sy La E 
ae WES m gara Siddhanta, IV, 7-8, 







x re l st itane CIT san éclonatinide: N for the longitude of 
he nona; jagesin na QE the wenith: distance of the nonagesimal, and 


LS J 
— = — =—: = 





Brahmagupta’s rule is ` | | . 


= — Beo ghatika,* 


4 R cos Z' 


which is practically the same in form as that of the modern 
Sürya Siddhünta. 


Again the rule in the modern Sürya Siddhünta for finding the 
parallax in latitude 


= n'—n) x drkksepa 
— — (V, 10). 


According to the Brühmasphuta Siddhdnta (V, 24, also xi, 
03.24). 


(n'—n) R ein 2’ 


The same = 15x R 


Here n’ and m are the apparent daily motions of the moon 
and the sun, Z' the zenith distance of the nonagesimal; drhksepa 
and the ‘ sine ' of the zenith distance of the nonagesimal are 
taken as identical. Here the modern Sürya Siddhanta has given 
up the rules of Aryabhata I, which bring in the radius of the 
earth and the distance of the planet in the equations, and 
caleulating the parallaxes in longitude and latitude separately for 
the sun and the moon, and which have been branded by Brahma- 
gupta as tedious. 

Hence the opinion of Nityinanda that the modern Sürya 
Siddhanta was composed at 3,600 of the Kali years elapsed and 
that of Muniévara that it was written by Aryabhata I himself 
are not tenable. , 

(ii) Then again Alberüni has said in his Indika that the 
Sürya Siddhánta was composed by Létadeva.t We now know 
that Lata, the expounder of the Romaka and the Paulisa 
Siddhüntas according to Varšhamihira, was a direct pupil of 


* — Hrühmasphuta Siddhanta, v, 4-5. | 
1 Alberüni'a India, Translation by Sachau, Vol, T, p. 153. 
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"IL ibo ibhata I * and got the appellation of wafeurre, the teacher. 
of all the systems of Siddhdntas. If he did really compose 
_ the Sérya Siddhánta the date of the work should have been 427 

. of the Saka era and not the end of the last Krta yuga. 


% 


Further Lata’s ahargapa starts from a sunset at Yavanapura, t 


-— 9 


, 
- 
" 


ET 


2 — while Aryabhata’s starts either from the midnight or the sunrise 
according to his two systems of astronomy.t If Lata had a 
. ‘midnight’ system as well, we would have got a mention of it 
|». A from WarShamibira. Of course both the Sirya Siddhantas, of 
.  Varáha and the modern, make their ahargana start from the 

J midnight at Laika or Ujjayini. 
j  . Hence all these speculations as to the date and the authorship 
ofthe Sürya Siddhanta at any of ite stages of growth are not ac- 
= ceptable. Suffice it to say that it has had a composite growth, the 
earliest date as we worked out from the star table being 400 A.D., 
and that there is no room left by which its date can be pushed 
up higher. It took its present form decidedly after the time of 
Brahmagupta. The earliest person by whom its constants and 
methods were changed was no doubt Varahamihira, the changes 
"<, effected were certainly taken from Aryabhata I's drdhardtrika or 
W. — the ‘ midnight ' system. The new constants, the kgepakas and 
. | the methods in Varaha’s revision or redaction, all corroborate 
EE Mis copalnsion.$ ` 
EE PAPP 
he = Further Indebtedness of the Modern Sarga Siddhanta to 
| z SÉ | MS Brahmaqupta. 
Il Tae her instances where the modern book borrows from Brahma- 
: E | found ; but one of the most important is the 
Ud ri tal | finding the sun'& altitude when on the S.E., 
^8 W. verticals, viz., the konasamku. 


= 
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— Brahmagupta's Rule. 


* Half the square of the 
radius diminished by the square 
of the 'sine' of the amplitude 
(Agra), multiplied by the square 
of 12 is called the ddya and the 
anya is the product of agrā, 12 
and the equinoctial shadow 
when both are divided by the 
square of the  equinoctial 
shadows to which 72 have been 
added. - The square root of the 
üdya to which the square of the 
anya has been added, increased 


or decreased by the anya, accord- | 


ing as the sun is in the northern 
or southern hemisphere, is the 
‘sine’ of the sun's altitude in 
the S.E. and S.W. verticals. 
When the sun is in the northern 
hemisphere the anya diminish- 
ed and increased by the square 
root are respectively the * sine ' 
of the sun's altitude in the 
N.E. and the 8.E. verticals. 
This will not be true if the sun 
goes south of the prime ver- 
tical (?). The length of the 
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Rule of the Surya Siddhanta. | 


** If from half the square of 
radius the square of the sine of 
amplitude (agrajya) be subtract- 
ed, and the remainder multi- 
plied by twelve and again mul- 
tiplied by twelve, and then 
further divided by the square 
of the square of the equinoctial 
shadow increased by half the 
square of the gnomon (i.e., 72)— 
The result obtained by the wise 
is called the. 'surd' (karani); 


this let the wise man set down 


— —— 
— 


In two places. 


Then multiply 
the equinoctial 


shadow by 


| twelve and again by the * sine ' 


x 


shadow and the time may be 


found as before.'' 


Braihmasphuta Siddhünta, 
Aii, 54-56. 


of the amplitude and divide as 
before: the result is styled the 
‘fruit’ — (phala). Add its 
square to the * surd ' and take 
the square root of their sum ; 
this diminished and increased 
by the fruit for the southern 
and northern hemispheres is 
the ‘ sine ' of altitude (Samku) 
of the southern intermediate 
directions ; and equally, whether 
the sun's revolution takes place 
to the south or to the north of 
the gnomon (Sarhku)—Only, in 
the latter case, the 'sine ' of 
the altitude is that of the 
northern intermediate stations. ' ' 


Sürya Siddhanta, iii, 28-32, 


———— + —— nOsW s s. s ü ws. 
I 4 
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a Tf A stands for agr# or the ‘sine’ of the amplitude, P for 

. the equinoctial shadow, R the radius, then 

> 2 

A ( * — A? )i2 x 12 

* Brahmagupta's ddya= $773 = Karani of the 8.8. 

_ I2xAxP.. 
| anyo- — s473 phala of the 5.5. 
* ‘ine’ of the sun's altitude J 
aLr R2 
— 12AP 4- 12AP 4? (= _a? ) x12x1 2 

e. — PS+72 — — 


= +anya + y (anya)? +āãdya of Brahmagupta 


5 ie q = k phala + y (phala)?4-Karami of the Sürya Siddhanta. 

Here by this insertion of Brahmagupta’s rule in the modern 
Sarua Siddhanta, the renowned astronomer and mathematician 
hae been. most unfairly deprived of his due credit. 
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" We shall not any further study the similarity between the 

" K. sas Siddhanta and the modern Sarya Stddhdnta; as 

* we believe that we have established our view as to the nature of 
AX the modern Sürya Siddhanta, that its earliest date is 400 A.D., 

= Un "y  Varāha was E most important innovator to it at the middle of 

— the sixth century ; ‘that its last redaction took place after the 
time c of Brahmagupta, and that Bentley’s finding of this date, viz 





A.D. i is quite reasonable. 
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more or less of a fragmentary character and hence incomplete. 

Some of these have been published by Mm. Vindhyeévari Prasáda 
Dvivedi of  Benares. These are the Soma Siddhünta, the 
Brahma Siddhanta of the Sdkalya Samhita, ^ Paitámaha 
Siddhinta of the Visnudharmottara Pnrdna, the Vrddha Vasistha 
Siddhanta, etc. The authors of these books bave not only 
done injustice to our great astronomers Aryabhata I and his 
pupils, Varahamihira, Brahmagupta, etc., but to some extent 
to themselves as well by hiding their own names and times. 
Weare not enabled even to honour them where honour is 
their due. If we examine the Pait@maha Siddhanta of the 
Visnudharmottara Purdna, in the way in which we have 
examined the S. Siddhünta, we readily come to the conclusion 
that it represents almost a wholesale purloining of the important 
portions of the Brahmasphuta Siddhanta of Brahmagupta, and 
that this nefarious act was done by a person who had absolutely 
no pretension to originality and whose style of Sanskrit appears 
ludicrous. A similar examination of the  Vrddha Vasistha 
Siddhanta would lead us to the conclusion that it was written by 
some unknown person after the time of Bhaskara II. 


The Originality of Hindu Astronomy. 


The date of the scientific Hindu astronomy is indeed 421 
years elapsed of the Saka era, or 499 A.D., the time of Aryabhata 
I, but we can show it is not a wholesale borrowing either from 
the Babylonian or the Greek science. 


First of all in planetary theory the term Sighra or the 
‘apex of quick motion’ has not the same meaning as 'conjunc- 
tion’ te which it has been identified. Then the term mandocca, 
the point or ‘apex of slowest motion’ does not mean a point 
furthest from the earth as ‘apogee’ does, though ucca means 
‘a high place. Thus the meanings of the terms * Sighrocca’ 
and ‘mandocca,’ should show some originality of idea of the 
Hindu astronomers. We are not urging that the Hindu 
Epicyclic Astronomy as it was developed by Aryabhata I and. his i 
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pupils was quite uninfluenced by Babylonian and Greek sciences 
as they came to India. The chief difficulty in finding how 
far the Hindu astronomers were original as regards planetary 
theory, appears unsurmountable. They were S&trakáras, or 
aphorism-givers who have only stated their results but not the 
methods by which they obtained them. These methods were at 
- first transmitted through generations of Gurus or teachers, and 
in the long course of ages they were all lost. Aryabhata I has 
condescended to give only one stanza as regards bis astronomical 
methods, viz., 


fefaxfaxrarg fom «4repdpere warfare: | 
mfarnrera watara za are: SS gau Breit 


‘The day-maker has been determined from the conjunction of 
the earth (or the horizon) and the sun ; and the moon from her 
conjunctions with the sun. In the same way the ‘star planets ' 
have been determined from their conjunctions with the 
moon.” 

Kalakriya, 48. 

; he stanza has been considered in detail by me in the 
1 Bulletin of the Calcutta Mathematical Society, Vol. XII, No. 3, 
t where it has been sbown that by these methods the sidereal 

! periods of Sun, Mars, Jupiter and Saturn, and the synodic month 
: and hence the sidereal months may be determined. Also the 
| geocentric sidereal periods of Mercury and Venus may be found 
to be the same as the sidereal period of the sun. 


"T g No otber Hindu astronomer bas left us anything of their astro- 
^  nomical methods. In 1150 A.D. Bhiskara II tried to explain 
how the number of sidereal revolutions of ‘planets’ could be 
verified,” but his expositions are not satisfactory, and in places 
faulty. We cannot for want of space examine them here ; 
this examination can be taken up in a separate thesis. We, 
cc ingly, must confine ourselves to a comparative presentation 
r of the Hindu and Greek astronomical constants. 









+ Grahaganita, Bhaganüdhyáya, Comm. on I, 5. 
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It will appear from the above presentation that the Hindu 
values of the astronomical constants are alinost all different. from. 
their Greek values. Hence both the systems must be indepen- 
dent of each other. There is no doubt that Greek astronomy 
had come to India before the time of Aryabhata _ I and Varaha 
has given usa summary in his Pañca Siddhantika, of what was 
known by the name of the Romaka  Siddhanta, but we do not 
find any thing of the epicyclic theory in it. A verbal transmis- 
sion of the idea of that theory together with that of a few, 
astronomical terms with it from a foreign country, was quite 
possible. It must be said to the credit of Hindu astronomers 
that they determined all the constants anew. Even in lunar 
theory, Manjula (932 A.D.) discovered the second inequality, and 
Bhiskara II (1150 A.D.) discovered the third inequality, viz., 
‘ variation.' * The Hindu form of the * evection equation ' is 
much better than that of Ptolemy, and stands on a par with 
that of Copernicus '! IL is from some imperfections also that this 
independence may be established ; for instance, the early Hindu 
astronomers up to the tenth century A.D., recognised only. 
one part of the equation of time, viz., that due to the unequal 
motion of the sun along the ecliptic, when in 1028 A. D. Sripati. 
first discovered the part of it due to the obliquity of the 
ecliptic.? In Greek astronomy both the parts were detected by 
Ptolemy. Further in my paper on‘ Greek and Hindu Methods 
in Spherical Astronomy'$ I have established that the Hindu 
astronomers were in no way indebted to the Greeks in this part| 
of the subject ; the methods of the former were indeed of the, 
most elementary character, while that of Ptolemy was much ad- 
vanced and more elegant; yet the Hindu astronomers could solve 
some problems where Ptolemy -failed,. viz., to find the time by 


I 

; | 

* p. C. Sengupta, Appendix to the Khandahkhádyaka. — | | 
t Godfray's Lunar Theory, Historical appendix. | 


t Introduction to the Siddhánta Sekhera edited by Pt, Babua Mitra, Calcutta 
University Press. - 


$ P. C. BSengupta, Greek and Hinda Methods in ‘Spherical Astronomy, Calcutta 
University Journal of tho Department of Letters, Vol. XXI, also Appesiix TI to the 
Khanjakhàdgaka. 
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altitude and to find the altitude from the sun's azimuth. For 
this the reader is referred to my paper mentioned above. 

We thus come to the conclusion that although the scientific 
Hindu astronomy is dated much later than the time of Ptolemy, 
barring the mere idea of an epicyclie. theory from outside, its 


. constants and methods are all original. Even as to the idea, the 
term Sighra (the apex of quick motion) which has been wrongly 


unction,’ shows that the Hindu angle 
of vision was quite different from the Greek. while the idea 
of the gods of * Manda ' and Sighra, presente a phase of 
growth of the science before the epicyclic theory came into being, 
be the idea Hindu or Babylonian. 

In discussing the originality of Hindu astronomy we have 


| pnrpos?lv avoided the Sarya Siddhanta, because no definite. date 


can be assigned to the work, its latest development taking place 
about 1100 A.D. Yet the modern Sürya Siddhanta is a complete 
book on Hindu astronomy and at the same time an attractive 


" "book too. No student of Hindu astronomy would be deemed 


well equipped for research without thoroughly studying it and 
Burgess's translation, indeed, gives a very clear and complete 
exposition and discussion of every rule that it contains together 


- with illustrations also. Besides his views about the originality 
of Hindu astronomy are the sanest and still substantially correct.” 


This translation is indispensable to any researcher also for the 
wealth of references contained in it. It 18 indeed a real monu- 
ment to his own memory left by the late Reverend E. Burgess 


himself. 


CALCUTTA. P. C. SENGUPTA. 


January 16, 1935. 


" Pp. 387-92. 
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THE LIFE OF REV. E. BURGESS. 


Ebenezer Burgess was born at Grafton, Vermont, U. S. A., on June 25, 
in the year 1805. He graduated from Amherst College in 1831 and was 
a Tutor in the same College from 1883 to 1885. He then entered Andover 
Theological Seminary from which he graduated in 1887. After another 
year spent in advanced study at Andover, and after teaching Hebrew and 
Greek for sometime at Union Theological Seminary in New York City, 
he was ordained to the ministry. 


In the year 1839 Burgess came to India as a Missionary to the 
Marathas. He lived in Bombay Presidency for fifteen years; first at 
Ahmednagar until 1851, and then at Satara. He returned to the United 
States in 1854. From 1857 to 1859 he acted ns Pastor at Centreville, Mass., 
from 1861 to 1863 at Lanesville and from 1864 to 1867 at South Franklin. 
He was engaged in lecturing and literary work until his death. He died in 
Newton Centre, Mass., on January 1, 1870. 

The Translation of Sirya Siddhanta was a monumental work of Rev. 
E. Burgess. He had written an elaborate essay on the history of astro- 
nomy among the Hindus and had nearly completed a treatise on the anti- 
quity of man, but both of the above works remained unpublished. 
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oad Soon after my entrance upon the missionary field, in the Maratha 
| “country of western India, in the year 1839, my attention was directed to 
the preparation, in the Marathi language, of an astronomical text-book for 
|. sehc ols. I was thus led to a study of the Hindu science of astronomy, as 
* e hibited in the native text-books, and to an examination of what had been 
ritten respecting it by European scholars. I at once found myself, on 
| — the one hand, highly interested by the subjeet itself, and, on the other, 
= somewhat embarrassed for want of a satisfactory introduction to it. 4 


‘aes comprehensive exhibition of the Hindu system had nowhere been made. 


* 


b. 




























The Astronomie Indienne of Bailly, the first extended work upon its subject, 
—* l long been acknowledged to be founded upon insufficient data, to 
|. contain a greatly exaggerated estimate of the antiquity and value of the 
| Hindu astronomy, and to have been written for the purpose of supporting 
be an untenable theory. The articles in the Asiatic Researches, by Davis, 

x which were the first, as they still remain the most 


te i — sbrooke, and Bentley, 
—  — important, sources of knowledge respecting the matters with which they 
1 DERE 


Et dea . relate only to particular points in the system, of especial prominence 
? — . anc ‘interest. Bentley's volume on Hindu astronomy is mainly occupied 
‘with an endeavour to ascertain the age of the principal astronomical treatises, 
‘and the epochs of astronomical discovery and progress, and is, moreover, 
even in these respects, an exceedingly unsafe guide, The treatment of the 
Subiect by Delambre, in his History of Ancient Astronomy, being founded 
— only upon Bailly and the earliest of the essays in the Asiatic Researches, 
^ partakes, of course, of the incompleteness of his authorities. Works ct 
ES ue have been published in India also, into which more or less of Hindu 
"astronomy enters, as Warren's Kála Sankalita, Jervis's Weights, Measures 
Uri ina of India, Hoisington's Oriental Astronomer, and the like; but 
254. ioo, give, for the most part, hardly more than the practical 
rox — employed in parts of the system, and they nre, like many of the 
: n kb ori ies already mentioned, only with difficulty accessible. In DR 
as nothing in existence which showed the world how much an 
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deduetion with arbitrary theory, mythology, eosmogony, and pure imagina- 
tion. It seemed to me that nothing would so well supply the deficiency 
as the translation and detailed explication of a complete treatise of Hindu 
astronomy: and this work I accordingly undertook to execute. 

Among the different Siddhantas, or text-books of astronomy, existing 
in India in the Sanskrit language, none appeared better suited to my 
purpose than the Sürya-Biddhánta. That it is one of the most highly 
esteemed, best known, and most frequently employed, of all, must be 
evident to any one who has noticed how much oftener than any other it is 
referred to as authority in the various papers on the Hindu astronomy. 
In fact, the science as practised in modern India is in the greater part 
founded upon its data and processes. In the lists of Siddhantas given by 
native authorities it is almost invariably mentioned second, the Brahma- 
Siddhánta being placed first: the latter enjoys this pre-eminence, perhaps, 
mainly on account of its name; it is, at any rate, comparatively rare and 
little known. For completeness, simplicity, and conciseness combined, 
the Sürya-Siddhánta is believed not to be surpassed by any other. It is 
also more easily obtainable. In general, it is difficult, without official 
influence or exorbitant pay, to gain possession of texts which are rare und 
held in high esteem. During my stay in India, I was able to procure 
copies of only three astronomical treatises besides the Sürya-Siddhánta; 
the Cakalya -Sanhita of the Brahma-Siddhánta, the Siddhánta- Ciromani of 
Bháskara, and the Graha-Lághava, of which the two latter have also been 
printed at Calcutta. Of the Sürya-Siddhánta I obtained three copies, two 
of them giving the text alone, and the third also the commentary entitled 
Güdhárthaprakácaka, by Rangan&tha, of which the date is unknown to 
me. The latter manuscript agrees in all respects with the edition of the 
Sürya-Siddhánta, accompanied by the same commentary, of which the 

üblication, in the series entitled Bibliotheca Indica, has been commenced 
India by an American scholar, and a member of this Society, Prof. Fitz- 
Edward Hall of Benares: to this I have also had access, although not until 
my work was nearly completed. | 
© My first rough draft of the translation and notes was made while T 
was still in India, with the aid of Brahmans who were familiar with the 
Sanskrit and well versed in Hindu astronomical science. In a few points 
Also I received help from the native Professor of Mathematics in thi 
Sanskrit College at Pina, But notwithstanding this, there remained not 
à few obscure and difficult points, connected with the demonstration «and 
application of the processes taught in the text. In the solution of these, 
I have received very important assistance from the Committee of Publication. 
óf the Society. They have also—the main sl of the work falling to 
Prof. Whitney—enriched the notes with much additional matter. of value, 
My whole collected material, in fact, was placed in their hands for revision, 


ansion, and reduction to the form best answering to the requirements 
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of modern scholars, my own engrossing occupations, and distance from 

the place of publication, as well as my confidence in their ability and 

2 judgment, leading me to prefer to intrust this work to them rather than to 
|. undertake its execution myself. 

We have also to express our acknowledgments to Mr. Hubert A. 

- . Newton, Professor of Mathematics in Yale College, for valuable aid rendered 

|. usin the more difficult demonstrations, and in the comparison of the Hindu 

^ and Greek astronomies, as well as for his constant advice and suggestions, 


V which add not a little to the value of the work. 

i The Sürya-Siddhánta, like the larger portion of the Sanskrit literature, 
iM jis written in the verse commonly called the cloka, or in stanzas of two 
= lines, each line being composed of two halves, or pádas, of eight svllables 


— each. With its metrical form are connected one or two peculiarities which 
i call for notice. In the first place, for the terms used there are often many 
! synonyms, which are employed according to the exigencies of the verse: 
thus, the sun has twelve different names, Mars six, the divisions of time 

two or three each, radius six or eight, and so on. Again, the method of 
expressing numbers, large or small, is by naming the figures which compose 

them, beginning with the last and going backward; using for each figure 

not only its own proper name, but that of any object associated in the 

— Hindu mind with the number it represents. Thus, the number 1,577,917,828 
—— (i. 87) is thus given: Vasu (a class of deities, eight in number) -two-eight- 
| . mountain (the seven mythical chains of mountains) -form-figure (the nine 
| digits) -seven-mountain-lunar days (of which there are fifteen in the half- 
— — month). Once more, the style of expression of the treatise 15, in general, 
|J. excessively concise and elliptical, often to a degree that would make its 
us meaning entirely unintelligible without a commentary, the exposition of a 
—— native teacher, or such a knowledge of the subjeet treated of as should 
hd E w what the text must be meant to say. Some striking instances are 
m zu pointed out in the notes. This over-conciseness, however, is not wholly 
due to the metrical form of the treatise: it is characteristic of much of 

“ " Hindu scientific literature, in its various branches; its text-books are 
wont to be intended as only the text for written comment or oral explication 

| x x rather than fully express, the meaning they contain. In our 
we have not thought it worth while to indicate, by parentheses 
be otherwise, the words and phrases introduced by us to make the meaning 
— of the text evident: such a course would oceasion the reader much more 
— — — Bo ; than satisfaction. Our endeavour is, in all cases, to hit the 
"true mean between unintelligibility and diffuseness, altering the phraseology 


Murs ation of the original only so far as is necessary. In both the 
23 tha | adily in view the interests 
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E tion and the notes, moreover, we keep ste 

' the two classes ses of readers for whose benefit the work is undertaken 

ERES SL eame 3 ONCE SN * : — those who are 

+h oF e w] h > 1 'e orientalists without being astronomers, and | 
-trenemera without being orientalists. For the sake of the former, our 
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explanations and demonstrations are made more elementary and full than 
would be necessary, were we addressing mathematicians only: for the suke : 


of the latter, we cast the whole into a form as occidental as may be, trans- 


lating every technical term which admits of translation: since to compel . 
all those who may desire to inform themselves respecting the scientific — - 
content of the Hindu astronomy to learn the Sanskrit technical languagé. 


. would be highly unreasonable. To furnish no ground of complaint, however, 


to those who are familiar with and attached to these terms, we insert therm 
liberally in the translation, in connection with their English equivalents. 
The derivation and literal signification of the greater part of the technical 
terms employed in the treatise are also given in the notes, since such an 
explanation of the history of a term is often essential to its full compre- 
hension, and throws valuable light upon the conceptions of those by whora 
it was originally applied. 

Wë adopt, as the text of our translation, the published edition of the 
Siddhanta, referred to above, following its readings and its order of arrange- 
ment, wherever they differ, as they do in many places, from those of the 
manuseripts without commentary in our possession. The discordances of 
the two versions, when they are of sufficient consequence to be worth 
notice, are mentioned in the notes. 

As regards the transcription of Sanskrit words in Roman letters, we 
need only specify that c represents the sound of the English ch in * church,” 
Italian c before e and i: that j is the English j: that ç is pronounced like 
the English sh, German sch, French ch, while sh is a sound nearly resem- 
bling it, but uttered with the tip of the tongue turned back into the top 
of the mouth, as are the other lingual letters, t, d, m: finally, that the = 
Sanskrit 7 used as a vowel (which value it has also in some of the Slavonic 
dialects) is written with a dot underneah, as r. 

The demonstrations of principles and processes given by the native 
commentary are made without the help of figurés. The figures which we 
introduce are for the most part our own, although a few of them were 
suggested by those of a set obtained in India, from native mathematicians. 

For the discussion of such general questions relating to this Siddhanta — = - 


as its age, its authorship, the alterations which it may have undergone <n 
before being brought into its present form, the stage which it represents J 












in the progress of Hindu mathematical science, the extent and character 
of the mathematical and astronomical knowledge displayed in it, and the 
relation of the same to that of other ancient nations, especially of the 
Greeks, the reader is referred to the notes upon the text. The form im 
which our publication is made does not allow us to sum up here, in a preface, 
the final results of our investigations into these and kindred topics. it 
may perhaps be found advisable to present such a summary at the end e 
the article, in connection with the additional notes and other matters t2 
be there given. d 
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CHAPTER I. 


Or THE MEAN MOTIONS OF THE PLANETS. 


CONTENTS :—1, homage to the Deity; 2-9, revelation of the present treatise; 10-11, modes 
of dividing time; 11-12, subdivisions of a day; 12-14, of a year; 14-17, of the Ages; 
18-19, of an Zon; 20-21, of Brahma's life; 21-23, part of it already elapsed ; 24, time 
occupied in the work of creation; 25.07, general account of the movementa of the 
planets; 28, subdivisions of the circle; 29-33, number of revolutions of the planets, 
and of the moon's apsis and node, in an Age: 34.39, number of days and months, 
of different kinds, in an Age; 40, in an JEon; 41-44, number of revolutions, in an 
JEon, of the apsides and nodes of the planets; 45-47, time elapsed from the end of 
ereation to that of the Golden Age; 48-51, rule for the reduction to civil days of the 
whole time since the creation; 51-52, method of finding the lords of the day, the 
- montb, and the year; 53-54, rule for finding the mean place of a planet, and of ita 
apsis and node; 55, to find the current year of the cycle of Jupiter; 56, simplification 
of the above calculations; 57-58, situation of the planets, and of the moon's apsis and 
node, at tho end of the Golden Age; 59-60, dimensions of the earth; 60-61, correction, 
— for difference of longitude, of the mean place of a planet as found; 62, situation of 
i his the principal meridian: 63-65, ascertainment of difference of longitude by difference 
between observed and computed time of 4 lunar eclipse; 66, difference of time owing 
sto: difference of longitude; 67, to find the mean place of a planet for any required 

: ne hour of the day; 68-70, inclination of the orbits of the planets. 


. 1. To him whose shape is inconceivable and unmanifes- 
| ted, who is unaffected by the qualities, whose nature is quality, 
whose form is the support of the entire creation—to Brahma be 


Ans a x 
homage! — | 
£ — "The usual propitiatory expression of homage to some 


= 


I 


deity, with 


' t À - which Hindu works nre wont to commence. 
E < 9. When but little of the Golden Age (krta yuga) was left, 











a great demon (asura), named Maya, being desirous to know that 

— mysterious, supreme, pure and exalted science. 

— 3. That chief auxiliary of the scripture (veddnga), in its 
‘irety—tl 4 cause, namely of the motion of the heavenly bodies 











2 Sürya-Siddhánta 


Qyotis), performed, in propitiation of the Sun, very severe reli- 
gious austerities. 

According to this, the Sürya-Siddhánta was revealed more than 
2.164,960 years ago, that amount of time having elapsed, according to Hindu 
reckoning, since the end of the Golden Age; see below, under verse 48, for 
the computation of the period. As regards the actual date of the treatise, 
it is, like all dates in Hindu history and the history of Hindu literature, 
exceedingly difficult to ascertain. It is the more difficult, because, unlike 
most, or all, of the astronomical treatises, the Sürya-Siddhánta attaches 
itself to the name of no individual as its author, but professes to be a 
direct revelation from the Sun (siirya). A treatise of this name, however, 
is confessedly among the earliest text-books of the Indian science. It was 
one of the five earlier works upon which was founded the Pafica-siddhan- 
tika, Compendium of Five  Astronomies, of  Varáha-mihira, one of 
the earliest astronomers whose works have been, in part, preserved to 
us, and who is supposed to have lived about the beginning of the sixth cen- 
tury of our era. A Sürya-Siddhünta is also referred to by Brahmagupta, 
who is assigned to the close of the same century and the commencement 
of the one following. The arguments by which Mr. Bentley (Hindu Astro- 
nomy, p. 158, ete.) attempts to prove Varáha-mihira to have lived in the 
sixteenth century, and his professed works to be forgeries and impositions, 
are sufficiently refuted by the testimony of al-Birüni (the same person as 
the Abu-r-Raihan, so often quoted in the first article of this volume), who 
visited India under Mahmüd of Ghazna, and wrote in A.D. 1031 an account 
of the country; he speaks of Varüha-mihira and of his Pafica-siddhántika, 
assigning to both nearly the same age as is attributed to them by the 
modern Hindus (see Reinaud in the Journal Asiatique for Sept.-Oct., 1844, 
ivme Série, iv. 286; and also his Mémoire sur l'Inde). He also speaks of the 
Bürya-Siddháünta itself, and ascribes its authorship to Lata (Mémoir sur 
l'Inde, pp. 331, 332), whom Weber (Vorlesungen über Indische Literatur- 
geschichte, p. 229) conjecturally identifies with a Ládha who is cited by 
Brahmagupta. Bentley has endeavoured to show by internal evidence that 
the Bürya-Biddhànta belongs to the end of the eleventh century ; see below, 
under verses 20.94, where his method and results are explained, and their 
value estimated. 

Of the six Vedángas, '' limbs of the Veda,'' sciences auxiliary to the 
sacred scriptures, astronomy is claimed to be the first and chief, as repre- 
senting the eyes; grammar being the mouth, ceremonial the hands, pro- 
sody the feet, etc. (see Siddhánta- Ciromnni, i. 12-14). The importance of 
astronomy to the system of religious observance lies in the fact that by it 

are determined the proper times of sacrifice and the like. There is a special | 
treatise, the Jyotisha of Lagadha, or Lagata, which, attaching itself to the 
Vedic texts, and representing a more primitive phase of Hindu science, 


claims to be the astronomical Vedánga; but die 
and of small importance. 
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boat The word jyotis, '" heavenly body,” literally “ light," although the 
ris eurrent names for astronomy and astronomers are derived from it, does 
not elsewhere occur in this treatise. 


| 4. Gratified by these austerities, and rendered propitious, 
J the Sun himself delivered unto that Maya, who besought a boon, 


i the system of the planets. 
‘The blessed Sun spoke : 

5. Thine intent is known to me; I am gratified by thine 
= austerities; I will give thee the science upon which time is found- 
ed, the grand system of the planets. 

6. No one is able to endure my brilliancy; for communica- 
tion I have no leisure; this person, who is a part of me, shall relate 


— "The manuscripts without commentary insert here the following verse: 

« Go therefore to Romaka-city, thine own residence; there, undergoing 

4mearnation ‘as ‘a barbarian, owing to a curse of Brahma, I will impart to 
‘thee this science." 

If this verse really formed a part of the text, it would be as clear an 
acknowledgment as the author could well convey indirectly, that the 
1 science displayed in his treatise was derived from the Greeks. Romaka- 
| eity is Rome, the great metropolis of the West; its situation is given in a 
* = following chapter (see xii. 89) as upon the equator, ninety degrees to the 
west of India. The incarnation of the Sun there as a barbarian, for the 


-: purpose of revealing astronomy to 4 demon of the Hindu Pantheon, is but 


à transparent artifice for referring the foreign science, after all, to a Hindv 
it is inconsistent with 


- origin. But the verse is clearly out of place here ; 
i the other verses among which. dt occurs, which give a different version of 
— .  a£he method of revelation. How comes it here then? 1t can hardly have 

e b 'en g tuitously devised and introduced. The verse itself is found in many 

.of the manuscripts of this Siddhánta; and the incarnation of the Sun at 
—  JRomaka-city, among the Yavanas, or Greeks, and his revelation of the 
science of astronomy there, are variously alluded to in later works; as, for 
ist the JAána-bháskara (see Weber's Catalogue of the Berlin 

‘Sanskrit ipts. p. 287, etc.), where he is asserted to have revealed 
also the Romaka-Siddhanta. Is this verse. then, a fragment of a different, 


+ — _perhaps more.ancient, account of the origin of the treatise, for which, 
| sas conveying too ingenuous a confession of the source of the Hindu astrono- 
so my, another has been substituted later? Such a supposition certainly does 
nol „plausibility. 'There is something which looks the same way in the 
spel e on of. demon, an Asura, to be the medium of the sun's revelation ; 
. while the essential truth and value of the system was acknowledged, 
Hindus derived 
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it. Weber (Ind. Stud. ii. 242; Ind. Lit., p. 225), noticing that the name 
of the Egyptian sovereign Ptolemaios occurs in Indian inscriptions in the 
form Turamaya, conjectures that Asura Maya is an alteration of that name, 
and that the demon Maya accordingly represents the author of the Almagest 
himself; and the conjecture is powerfully supported by the fact that al- 
Birüni (see Reinaud, as above) ascribes the Pauliga-Siddhanta, which the 
later Hindus attribute to a Pulica, to Paulus al-Yünáni, Paulus the Greek, 
and that another of the astronomical treatises, alluded to above, is called 
the Romaka-Siddhanta. 

It would be premature to discuss here the relation of the Hindu 
astronomy to the Greek; we propose to sum up, at the end of this work, 
the evidence upon the subject which it contains. 


7. Thus having spoken, the god disappeared, having 
given directions unto the part of himself. "This latter person thus 


addressed Maya, as he stood bowed forward, his hands suppliantly 
joined before him : 


8. Listen with concentrated attention to the ancient and 
exalted science, which has been spoken, in each successive Age, to 
the Great Sages (maharshi), by the Sun himself. 


9. This is that very same original text-book which the Sun 
of old promulgated : only, by reason of the revolution of the Ages, 
there is here a difference of times. 


According to the commentary, the meaning of these last verses is that, 
in the successive Great Ages, or periods of 4,320,000 years (see below, 
under vv. 15-17), there are slight differences in the motions of the heavenly 
bodies, which render necessary a new revelation from time to time on the 
part of the Sun, suited to the altered conditions of things; and that when, 
moreover, even during the continuance of the same Age, differences of 
motion are noticed owing to a difference of period, it is customary to 
apply to the data given a correction, which is called bíja. All this is 
very suitable for the commentator to say, but it seems not a little curious — 
to find the Sun's superhuman representative himself insisting that this his 
revelation is the same one as had formerly been made by the Sun, only ` 
with different data. We cannot help suspecting in the ninth verse, rather, 

a virtual confession on the part of the promulgators of this treatise, that — — 
there was another, or that there were others, in existence, claiming to be ` 
the Sun's revelation, or else that the data presented in this were different 
from those which had been previously current as revenled by the Sun. ° — 
We «hall have more to say hereafter (see below, under vv. 29.84) of the - š 2 
probable existence of more than one version of the Büryn-Biddhánta, of. 

the correction called bija, and of its incorporation into the text of the 
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otrentiso itself. The repeated revelation of the system in each successive 


Great Age, as stated in verse B, presents no difficulty. It is the Puranic 
doctrine (see Wilson's Vishnu Purina, p. 269, etc.) that during the Iron 
-Age the sources of knowledge become either corrupted or lost, so that 
a new revelation of scripture, law, and science becomes necessary during 
the Age succeeding. 

, 10. Time is the destroyer of the worlds; another Time has 
for its nature to bring to pass. This latter, according as it is 
gross or minute, is called by two names, real (mfrta) and unreal 
 (amárta). 


6^ There is in this verse a curious mingling together of the poetical, the 
theoretical, and the practical. To the Hindus, as to us, Time is, in & 
metaphorical sense, the great destroyer of all things; as such, he is identi- 
fied with Death, and with Yama, the ruler of the dead. Time, again, in 


t 


the ordinary acceptation of the word, has both its imaginary, and its appre- 


ciable and practically useful divisions: the former are called real (marta, 


literally '' embodied ”’), the latter unreal (amiirta, literally '' unem- 
bodied '"). The following verse explains these divisions more fully. 

| The epithet kalanátmaka, applied to actual time in the first half 
of the verse, is not easy of interpretation. The commentary translates 
jt “is an object of knowledge, is capable of being known,” which does 
not seem satisfactory. It evidently contains a suggested etymology (kála, 
“ time,'' from kalana), and in translating it as above we have seen in it 


“also an antithesis to the epithet bestowed upon Time the divinity. Perhaps 
it should be rather '' has for its office enumeration. `` 


11. That which begins with respirations (prána) is called 


` real; that which begins with atoms (t#ruti) is called unreal. Six 


. respirations make a vinddi, sixty of these a nádi; 


12. And sixty nádis make a sidereal day and night......... 


The manuscripts without commentary insert. as the first half of 


nm». 10 lon Hlables (gurcakshara) = 1 respiration (práma, period of four seconda) : 

4 aa ay “Pea (g = 1 vinddt (period of twenty-four seconds) ; 
an — — ] ou (period of twenty-four minutes) ; 

= 1 day. 


od of division usually adopted in the astronomical 
convenient property that its lowest subdivision, 
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the respiration, is the same part of the day as the minute is of the circle, 
$o that a respiration of time is equivalent to a minute of revolution of the 
heavenly bodies about the earth. The respiration is much more frequently 
called asu, in the text both of this and of the other Siddhántas. The vinádi 
is practically of small consequence, and is only two or three times made 
use of in the treatise; its usual modern name is pala, but as this term 
nowhere occurs in our text, we have not felt justified in substituting it for 
vinidi. For nådi also, the more common name is danda, but this, too, 
the Sürva-Siddhánta nowhere employs, although it uses instead of nadi, and 
quite as often, mádiká and ghatiká. We shall uniformly make use m our 
translation of the terms presented above, since there are no English 
equivalents which admit of being substituted for them. 

The ordinary Puranic division of the day is slightly different from 
the astronomical, viz. : 





15 twinklings (nimesha) 
30 bits 

80 minutes 

20 hours 


1 bit (kåskthå); 

l minute (kalâ) ; 
1 hour (muhdrta) ; 
1 day. 


Manu (i. 64) gives the same, excepting that he makes the bit to 
consist of 18 twinklings. Other authorities assign different values to the 
lesser measures of time, but all agree in the main fact of the division of 
the day into thirty hours, which, being perhaps an imitation of the division 
of the month into thirty days, is unquestionably the ancient and original 
Hindu method of reckoning time. 

The Sürya-Siddhánta, with commendable moderation, refrains from 
giving the imaginary subdivisions of the respiration, which make up '' un: 
real '' time. They are thus stated in Bháskara's Siddhánta- ("iromanpi 
(i. 19, 20), along with the other, the astronomical, table: 


100 atoms (trut) = 1 speck (tatpara) ; 

30 specks = 1 twinkling (nimesha) ; 
18 twinklings = 1 bit (kKñshtháA) ; 

30 bits = 1 minute (kal4) ; 

30 minutes = 1 half-hour (ghatiká) ; 
2 half-hours = 1 bour (kshiama) ; 

30 hours = 1 day. 


This makes the atom equal to so-rae- bus sooth of a day, or xs=-'r=sth 
of a second. Some of the Puránas (see Wilson's Vish. Pur., p. 22) give a 
different division, which makes the atom about zy!'yəth of a second; but 
they carry the division three steps farther, to the subtilissima (paramdnu), 
which equals x—reu-ton-wosth of a day, or very nearly 4,-55 th of a 

d. 
— have introduced here a statement of these minute subdivisions, 
because they form a natural counterpart to the immense periods which we 
shall soon have to consider, amd are, with the latter, curiously illustrative 
of & fundamental trait of Hindu character: a fantastic imaginativeness, 
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which delights itself with arbitrary theorizings, and is unrestrained by, and 
careless of, actual realities. Thus, having no instrumenta by which they 
could measure even seconds with any tolerable precision, they vied with 
one another in dividing the second down to the farthest conceivable limit 
of minuteness; thus, seeking infinity in the other direction also, while 
they were almost destitute of a chronology or a history, and could hardly 
fix with accuracy the date of any event beyond the memory of the living 
generation, they devised, and put forth as actual, a frame-work of chrono- 
logy reaching for millions of millions of years back into the past and forward 
into the future. 


12,...Of thirty of these sidereal days 1s composed a month; 
a civil (sávana) month consists of as many sunrises; 

13. A lunar month, of as many lunar days (tithi); a solar 
(sáura) month is determined by the entrance of the sun into a sign 
of the zodiac : twelve months make a year.........--- 


We have here described days of three different kinds, and months 
and years of four; since, according to the commentary, the last clause 
translated means that twelve months of each denomination make up 8 
year of the same denomination. Of some of these, the practical use and 
value will be made to appear later; but as others are not elsewhere 
referred to in this treatise, and as several are merely arbitrary divisions 
of time, of which, so far as we can discover, no use has ever been made, 
it may not be amiss briefly to characterize them here. 









c3 I 
"r: 
f 


< 
_— 
LÀ 
` 






. Of the measures of time referred to in the twelfth verse, the day is 

evidently the starting-point and standard. The sidereal day is the time of 

below, in v. 34, but it does not enter as an element into the later pro- 

cesses. Nor is a sidereal month of thirty sidereal days, or a sidereal year 

six and a quarter sidereal days). elsewhere mentioned in 

- w. made account of in any Hindu method of 

d | s in India, from sunrise to sunrise (see below, v. 86), and is accordingly of 

T variable length: it is, of course, an important element in all computa- 
tions. 

such days, are supposed to have formed the basis of the earliest Hindu 


the earth's revolution on its axis; data for determining its length are given 

r of three hundred and sixty such days (being less than the true sidereal 
The civil (sávana) day is the natural day: it is counted. 

| of time. A month of thirty, and a year of three hundred and sixty, 
nology, an intercalary month being added once in five years. This 
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is long since out of use, however, and the month and year referred 
in the text, of thirty and three hundred and sixty natural days 
tively without intercalations, are elsewhere assumed and made use 
only in determining, for astrological purposes, the lords of the month 
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The standard of the lunar measure of time is the lunar month, the 
period of the moon’s synodical revolution. It is reckoned either from 
new-moon to new-moon, or from full-moon to full-moon; generally, the 
former is called mukhya, '' primary,” and the latter gàuna, '' secondary '': 
but according to our commentator, either of them may be denominated 
primary, although in fact, in this treatise, only the first of them is so 
regarded; and the secondary lunar month is that which is reckoned from 
any given lunar day to the next of the same name. This natural month, 
containing about twenty-nine and a half days, mean solar time, is then 
divided into thirty lunar days (tithi), and this division, although of so 
unnatural and arbitrary a character, the lunar days beginning and ending 
at any moment of the natural day and night, is, to the Hindu, of the most 
prominent practical importance, since by it are reguleted the performance 
of many religious ceremonies (see below, xiv. 13), and upon it depend the 
chief considerations of propitious and unpropitious times, and the like. 
Of the lunar year of twelve lunar months, however, we know of no use 
made in India, either formerly or now, except as it has been introduced 
and employed by the Mohammedans. 

Finally, the year last mentioned, the solar year, is that by which time 
is ordinarily reckoned in India. It is, however, not the tropical solar year, 
which we employ, but the sidereal, no account being made of the pre- 
cession of the equinoxes. The solar month is measured by the continuance 
of the sun in each successive sign, and varies, according to the rapidity of 
his motion, from about twenty-nine and a third, to 8 litle more than 
thirty-one and a half, days. There is no day corresponding to this measure 
of the month and of the year. 

In the ordinary reckoning of time, these elements are variously com- 
bined. Throughout Southern India (see Warren 's Kala Sankalita, Madras: 
1825, p. 4, etc.), the year and month made use of are the solar, and the 
day the civil; the beginning of each month and year being counted, in prac- 
tice, from the sunrise nearest to the moment of their actual commence- 
ment. In all Northern India the year is lunisolar; the month is lunar, and 
is divided into both lunar and civil days; the year is composed of a variable 
number of months, either twelve or thirteen, beginning always with the 
lunar month of which the commencement next precedes the true com- 
mencement of the eidereal year. But, underneath this division, the divi- 
eion of the actual sidereal year into twelve &olar months is likewise kept 
up, and to maintain the concurrence of the civil and lunar days, and the 
lunar and solar months, is a process of great complexity, into the details 
of which we need not enter here (see Warren, as above, p. 57, etc.) It 

will be seen later in this chapter (vv. 48-51) that the $Sürya-Siddhánta 
reckons time by this latter system, by the combination of civil, lunar, and 
giderenl elements. | 


13....This is called a day of the gods. 


T 
e +* 46 





— u? - 
2 Mean Motions of the Planets 9 
4 14. The day and night of the gods and of the demons are 


mutually opposed to one another. Six times sixty of them are a 


|. year of the gods, and likewise of the demons. 


: '' This is called," etc.: that is, as the commentary explains, the year 
composed of twelve solar months, as being those last mentioned; the 
-sidereal year. It appears to us very questionable whether, in the first 
instance, anything more was meant by calling the year a day of the gods 

— than to intimate that those beings of a higher order reckoned time upon a 
grander scale: just as the month was said to be a day of the Fathers, or 

Manes (xiv. 14), the Patriarchate (v. 18), a day of the Patriarchs (xiv. 21), 
and the Aton (v. 20), a day of Brahma; all these being familiar Puranic 

designations. In the astronomical reconstruction of the Puranic 

system, however, a physical meaning has been given to this day of the 
gods: the gods are made to reside at the north pole, and the demons at 
the south - and then, of course, during the half year when the sun is north 
of the equator, it is day to the gods and night to the demons; and during 
= the other half-year, the contrary. The subject is dwelt upon at some 
length in the twelfth chapter (xii. 45, etc.) To make such a division 
accurate, the year ought to be the tropical, and not the sidereal; but the 
author of the Sürya-Siddhánta has not yet begun to take into account the 
|J precession. See what is said upon this subject in the third chapter 
— (vv. 9-10). 

EN The year of the gods, or the divine year, is employed only in des- 

E M  eribing the immense periods of which the statement now follows. 


—— 16. Twelve thousand of these divine years are denominated 
a Quadruple Age (caturyuga); of ten thousand times four hundred 


ny and thirty-two solar years 

|. . 16. Is composed that Quadruple Age, with its dawn and 
PE twilight. The difference of the Golden and the other Ages, as 
Ec measured by the difference in the number of the feet of Virtue 














The tenth part of an Age, multiplied successively 
ur, three, two, and one, gives the length of the Golden and 
f other Ages, in order : the sixth part of each belongs to its dawn 





l- 

"NS ume period of 4,820,000 years is ordinarily styled Great Age 
T n iháyuga), or, as above in two instances, Quadruple Age (cafuryuga). 

| In th | Sürya-Siddhánta, however, the former term is not once found, and 

the latter. occurs only in these verses; elsewhere, Age (yuga) a is 
employed to denote it, and always denotes it, unless expressly limit by 
the name of t ne Golden (krta) Age. 
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The composition of the Age, or Great Age, is then as followa: 





























Dirine years Solar years 
400 144,000 
Golden Age (krta yuga), 4,000 1,440,003 
Twilight, 400 144,000 
Total duration of the Golden Age, 4.800 1,728,000 
Dawn 300 108,000 
Silver "Age (tretà yuga), 3,000 1.4 80,000 
Twilight, 300 108,000 
Total duration of the Silver Age, 8,600 1,296,000 
Dawn 200 72,000 
Brazen iw (de@para yuga), 2,000 726,000 
Twilight 200 72,000 
Total duration of the Brazen Age, 2.400 864 ,000 
Dawn 100 36,000 
Iron Age (kali yuga), 1,000 $60,000 
Twilight, 100 36,000 
Total duration of the Iron Age, 1,200 432,000 
Total duration of a Great Age, 12,000 4,320,000 


Neither of the names of the last three ages is once mentioned in the 
Sürya-Siddhánta. The first and last of the four are derived from the game 
of dice: krta '* made, won,'' is the side of the die marked with four dots— 
the lucky, or winning one; kali is the side marked with one dot only—the 
unfortunate, the losing one. In the other names, of which we do not know 
the vriginal and proper meaning, the numerals tri, '' three," and dvd, 
"two, are plainly recognizable. The relation of the numbers four, three, 
two, and one, to the length of the several periods, as expreseed in divine 
years, and also as compared with one another, is not less clearly apparent. 
The character attached to the different Ages by the Hindu mythological 
and legendary history so closely resembles that which is attributed to the 
Golden, Silver, Brazen, and Iron Ages, that we have not hesitated to 
transfer to them the latter appellations. An account of this character is 
given in Manu i. 81-86. During the Golden Age, Virtue stands firm upon 
four feet, truth and justice abound, and the life of man is four centuries ; 


h 


in each following Age Virtue loses a foot, and the length of life is reduced 


by a century, so that in the present, the Iron Age, she has but one left to ` 


hobble upon, while the extreme age attained by mortals is but a hundred 


years. Bee also Wilson's Vishnu Purina, p. 622, etc., for a description of 


the vices of the Iron Age. | 
This system of periods is not of astronomical origin, although the 
fixing of the commencement of the Iron Age, the only possibly historical 
point in it, is, as we shall see hereafter, the result of astronomical compute- 
tion, Its arbitrary and artificial character is apparent. It is the ym 
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f the Puranas and of Manu, a part of the received Hindu cosmogony, to 
wm astronomy was compelled to adapt itself. We ought to remark, 
however, that in the text itself of Manu (i. 68-71) the duration of the 
X x Great. Age, called by him Divine Age, is given as twelve thousand years 
e. and Saat it is his commentator who, » by — these to be divine 
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all as this Ded: is, —— it is far from —— the Hindu craving 
Lose infinity. We are next called upon to construct a new period by 


> Moultiplying it by a thousand. 


D b d 18. One and seventy Ages are styled here a Patriarchate 
E | (manvantara); ; at its end is said to be a twilight which has the 


number of years of a Golden Age, and which is a deluge. 
19. In an Æon (kalpa) are reckoned fourteen such 


. Patriarchs (manu) with their respective twilights; at the com- 
P  mencement of the Æon is a fifteenth dawn, having the length 


E . of a Golden Age. 
The Amon is accordingly thus composed : 


p ' I Divine years. Solar years. 


. 
v 

















pis des ' The iptroda troductory dawn, 4,000 | 1,725,000 
— ama Great Ages, 852,000 306,720,000 
| ptores | , 
= - Duration of one Patriarchate, 856,800 308,448,000 
a a Patriarchates, 11,995,200 4,318,272,000 
12,000,000 4.320,000,000 


‘Total duration of an on, 


E hy the factors fourteen and seventy-one were thus used in making 
^u » Hon is not obvious; unless, indeed, in the division by fourteen 
is > — the influenee of the number seven, while at the same 
such a division furnished the equal twilights, or intermediate periods 

of transi ion, which the Hindu theory demanded. The system, however, 
is st erg the Puránas (see Wilson's Vish. Pur., p. 24, etc.) ; and Manu 
P slanted ts virtually the same, although he has not the term Aton 
but states simply that a thousand Divine Ages make up a day of 

—— and seventy-one a Patriarchate. The Vemm manvantara, '' patri- 
| means literally E another Manu. or, `° the interval of a Manu. 
a wo on | identical in origin and meaning with our '" man,” became 
indu 1s y the name of a being personified as son of the Sun (Vivasvant) 
—— human race. In each Patriarchate there arises a 
> becomes for his own period the progenitor of mankind (see 


nanan TM 
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20. The Æon, thus composed of a thousand Ages, and 
which brings about the destruction of all that exists, is styled a 
day of Brahma; his night is of the same length. 


21. His extreme age is a hundred, according to this valua- 
tion of a day and a night 


We have already found indications of an assumed destruction of 
existing things at the termination of the lesser periods called the Age and 
the Patriarchate, in the necessity of a new revelation of virtue and know- 
ledge for every Age, and of a new father of the human race for every 
Patriarchate. These are left, it should seem, to show us how the system 
of cosmical periods grew to larger and larger dimensions. The full deve- 
lopment of it, as exhibited in the Puranas and here, admits only two kinds 
of destruction: the one occurring at the end of each Eon, or day cf 
Brahma, when all creatures, although not the substance of the world 
undergo dissolution, and remain buried in chaos during his night, to be 
created anew when his day begins again; the other taking place at the 
end of Brahma's life, when all matter even is resolved into its ultimate 
&ource. 

According to the commentary, the '' hundred’ in verse 21 means 
& hundred years, each composed of three hundred and sixty days and 
nights, and not a hundred days and nights only, as the text might be un- 
derstood to signify; since, in all statements respecting age, years are 
necessarily understood to be intended. The length of Brahma’s life would 
be, then, 864,000,000,000 divine years, or 311,040,000,000,000 solar years. 
This period is also called in the Purünas a para, '' extreme period,” and 
its half a parárdha (see Wilson's Vish. Pur., p. 25); although the latter 
term has obtained also an independent use, as signifying a period still more 
enormous (ibid. p. 630). It is curious that the commentator does not seem 
to recognize the affinity with this period of the expression used in the text, 
param áyuh, '' extreme age," but gives two different explanations of it, 
both of which are forced and unnatural. 

The author of the work before us is modestly content with 
the number of years thus placed at his disposal, and attempts nothing 
farther. So is it also with the Purinas in general; although some of 
them, as the Vishnu (Wilson, p. 637), assert that two of the greater pardr- 
dhas constitute only a day of Vishnu, and others (ibid. p. 25) that 
Brahma's whole life is but a twinkling of the eye of Krshna or of | iva. 


21...The half of his life is past; of the remainder, this is 
the first Aon. 


22. And of this Aon, six Patriarchs (manu) are past, with 


their respective twilights; and of the Patriarch Manu son- of | 
Vivasvant, twenty-seven Ages are past; 
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| Er = 28. Of the present the twenty-eighth, Age, this Golden Age 
.. is past : from this point, reckoning up the time, one should compute 
. together the whole number. 


i. The designation of the part already elapsed of this immense period 

seems to be altogether arbitrary. It agrees im general with that given in 
| the Puránas, and, so far as the Patriarchs and their periods are concerned, 
| with Manu also. The name of the present Æon is Váráha, ''that of the 
= boar,” because Brahma, in performing anew at its commencement the 
x act of creation, put on the form of that animal (see Wilson’s Vish. Pur., 
p. 27, etc.) The one preceding is called the Pádma, “ that of the lotus.” 
Andi "This nomenclature, however, is not universally accepted: under the 
word kalpa, in the Lexicon of Béhtlingk and Roth, may be found another 
ut system of names for these periods. Manu (i. 61, 62) gives the names of 
MC the Patriarchs of the past Patriarchates; the Puránas add other particulars 
| and also respecting those which are still to come (see 


Fr 

"i w "The end of the Golden Age of the current Great Age is the time at 
|J which the Sürya-Siddhánta claims to have been revealed, and the epoch 

—  — from which its calculations profess to commence. We will, accordingly, 


cons P" w "Y 


y F: as the Sun directs, compute the number of years which are supposed to 
rs s have elapsed before that period. 
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| Dicine years. Solar years. 
- 
| d E awn of current JE on. ° 4,800 1 41 28,000 
| i dg — Peunarchstes: | 5,140,800 1,850,688,000 
4 _ Twenty-seven Great Ages, 324,000 116,640,000 
"ctl Total till commencement of present Grest Age, 5,469,600 1,969,056 ,000 
. Golden Age of present Great Age, 4,800 1,728,000 
— -— .' Total time elapsed of tÆ 5.474.400 1.970,784,000 
ites te N: “asar ee oe — UNDO 432,000,000,000 ^ 155,520,000,000,000 





precy — time elapsed from beginning of X1. 
| SS — life to end of last Golden Age, ? 432,005,474,400 — 1955,521,970,784,000 


from the commencement of the current 

JE | second of the above totals is the only one with which the Surya- 

"Biddhánta henceforth has anything to do. 

wx. — We are next informed that the present o 

"man at a period less distant than the commencement of the 7Eon. 

-  — 94. One hundred times four hundred and seventy-four 

ears passed while the All-wise was employed in creating 
gods, demons, 
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14 Strya-Siddhanta 
That is to say: 
Divine years. Solar years. 
From the total above given, 5,474,400 1,070,784,000 
deduct the time occupied in creation, 47,400 17,064,000 
the remainder is 5,427,000 1,953,720,000 


This, then, is the time elapsed from the írue commencement of the 
existing order of things to the epoch of this work. The deduction of this 
period as spent by the Deity in the work of creation is a peculiar feature 
of the Bürya-Siddhánta. We shall revert to it later (see below, under 


vv. 29-34), as its significance cannot be shown until other data are be- 
fore us. 


25. The planets moving westward with exceeding velocity, 
but constantly beaten by the asterisms, fall behind, at a rate pre- 
cisely equal, proceeding each in its own path. 

26. Hence they have an eastward motion. From the 
number of their revolutions is derived their daily motion, which 
is different according to the size of their orbits; in proportion to 
this daily motion they pass through the asterisms. 

27. One which moves swiftly passes through them in a 
short time; one which moves slowly, in a long time. By their 
movement, the revolution is accounted complete at the end of the 
asterism Revati. 


We have here presented a part of the physical theory of the planetary 
motions, that which accounts for the mean motions: the. theory is supple- 
mented by the explanation given in the next chapter of the disturbing 
forces which give rise to the irregularities of movement. The earth is a 
sphere, and sustained immovable in the centre of the universe (xii. 82), 
while all the heavenly bodies, impelled by winds, or vortices, called pro- 
vectors (ii. 3), revolve about it from east to west. In this general west- 
ward movement, the planets, as the commentary explains it, are, owing 
to their weight and the weakness of their vortices, beaten by the as- 
terisms (nakshatra or bha, the groups of stars constituting the lunar man- 
sions [see below, chapter viii], and used here, as in various other places, 
to designate the whole firmament of fixed stars), and accordingly fall behind 
(lambante —labuntur, delabuntur), as if from shame: and this is the ex- 
planation of their eastward motion, which is only apparent and relative, 
although wont to be regarded as real by those who do not understand the 
«rue causes of things. But now a new element is introduced into the 
theory, which does not seem entirely consistent with this view of the 
merely relative character of the eastward motion. It is asserted that the 
planets lag behind equally, or that each, moving in its own orbit, loses an 
equal amount daily, as compared with the asterisms, And we praed 
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farther on (xii. 73-89) that the dimensions of the planetary orbits are cons- 
o tructed upon this sole principle, of making the mean daily motion of each 
: planet eastward to be the same in amount, namely 11,858,717 yojanas: 
| . the amount of westward motion being equal, in each case, to the difference 
between this amount and the whole orbit of the planet. Now if the Hindu 
| idea of the symmetry and harmony of the universe demanded that the 
x movements of the planets should be equal, it was certainly a very awk- 
|. ward and unsatisfactory way of complying with that demand to make 
| the relative motions alone, as compared with the fixed stars, equal, and the 

— . real motions so vastly different from one another. We should rather ex- 
| pect that some method would have been devised for making tho latter 
come out alike, and the former unlike, and the result of differences in the 
weights of the planets and the forces of the impelling currents. It looks 
E as if this principle, and the conformity to it of the dimensions of the 
| orbits, might have come from those who regarded the apparent daily mo- 
. tion as the real motion. But we know that Aryabhatta held the opinion 
| that the earth revolved upon its axis, causing thereby the apparent west- 
ward motion of the heavenly bodies (see Colebrooke’s Hindu Algebra, 

p. xxxviii; Essays, ii. 467), and so, of course, that the planets really moved 
eastward at an equal rate among the stars; and although the later astrono- 
‘mers are nearly unanimous against him, we cannot help surmising that 
the theory of the planetary orbits emanated from him or his school, or 


= from some other of like opinion. It is not upon record, so far as we are 
~~ aware, that any Hindu astronomer, of any period, held, as did some of 


the Greek philosophers (see Whewell's History of the Inductive Sciences, 
= B.V. ch. i), a heliocentric theory. 
‘The absolute motion eastward of all the planets being equal, their 
apparent motion is, of course, in the (inverse) ratio of their distance, or of 
| the dimensions of their orbits. 
I E The word translated '' revolution '' is bhagana, literally '' troop of 
— asterisms; ' the verbal root translated '' pass through '' is bhuj, '' enjoy, " 
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ginning of Acvini (see chapter viii, 
Ita situation is most nearly marked 
by tha of the principal star of Revati, which, according to the Sürya- 

Sic c hi x ta, is 10/ to the west of it, but according to other authorities exactly 
coincides with it. That star is by all authorities identified with ¢ Piscium. 
of whic 1 the longitude at present, as reckoned by us, from the vernal 
eqi inox, s 17? 64 Making due allowance for 
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the sixth century, or about A.D. 570. As such coincidence was the ocen- 
sion of the point being fixed upon as the beginning of the sphere, the time 
of its occurrence marks approximately the era of the fixation of the sphere, 
and of the commencement of the history of modern Hindu astronomy. 
We say approximately only, because, in the first place, as will be shown 
in connection with the eighth chapter, the accuracy of the Hindu observa- 
tions is not to be relied upon within a degree; and, in the second place, 
the limits of the asterisms being already long before fixed, it was necessary 
to take the beginning of some one of them as that of the sphere, and the 
Hindus may have regarded that of Açvini as sufficiently near to the equinox 
for their purpose, when it was, in fact, two or three degrees, or yet more, 
remote from it, on either side; and each degree of removal would corres- 
pond to a difference in time of about seventy years. 

In the most ancient recorded lists of the Hindu asteriems (in the 
texts of the Black Yajur-Veda and of the Atharva-Veda), Krttiká, now the 
third, appears as the first. The time when the beginning of that asterism 
coincided with the vernal equinox would be nearly two thousand years 


earlier than that given above for the coincidence with it of the first point 
of Acvini. 


28. Sixty seconds (vikalá) make a minute (kald); sixty of 
these, a degree (bhdga); of thirty of the latter is composed a sign 
(ráci); twelve of these are a revolution (bhagana). 


The Hindu divisions of the circle are thus seen to be the same with 
the Greek and with our own, and we shall accordingly make use, in trans- 
lating, of our own familiar terms. Of the second (vikala) very little prac- 
tical use is made: it is not more than two or three times alluded to in all 
the rest of the treatise. The minute (kald) is much more often called 
liptá (or liptiká); this is not an original Sanskrit word, but was borrowed 


, ar 
from the Greek Aemrov, The degree is called either bhága or ança; both 


words, like the equivalent Greek word popa, mean a " part, portion,’’ The 
proper signification of ráçi, translated ''sign,'' is simply “heap, quantity ;'" it 
is doubtless applied to designate n sign as being a certain number, or sum, 
of degrees, analogous to the use of gana in bhagana (explained nbove, in the 
last note), and of ráci itself in dinaráci, ** sum of days '' (below, vw. 53). 
In the Hindu description of an arc, the sign is as essential an element as 
the degree, and no ares of greater length than thirty degrees are reckoned 
in degrees alone, as we nre accustomed to reckon them. The Greek usage 
was the same. We shall hereafter see that the signs into which any 
circle of revolution is divided are named Aries, Taurus, etc., beginning from 
the point which is regarded as the atarting point; so that these names 
are applied simply to indicate the order of succession of the arce of thirty 


" 


degrees. | 
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. 29. Iman Age (yuga), the revolutions of the sun, Mercury, 

2 and Venus, and of the conjunctions (cighra) of Mars, Saturn, and 

Jupiter, moving eastward, are four million, three hundred and 
twenty thousand; 

30. Of the moon, fifty-seven million, seven hundred and 
fifty-three thousand, three hundred and thirty-six; of Mars, two 
million, two hundred and ninety-six thousand, eight hundred and 
thirty-two; ! 

31. Of Mercury’s conjunction (gighra), seventeen million, 
nine hundred and thirty-seven thousand, and sixty; of Jupiter, 
three hundred and sixty-four thousand, two hundred and twenty; 

É 99 Of Venus's conjunction (çighra), seven million, 
twenty-two thousand, three hundred and seventy-six; of Saturn, 
one hundred and forty-six thousand five hundred and sixty-eight; 
| 33. Of the moon's apsis (ucca), in an Age, four hundred 
and eighty-eight thousand, two hundred and three; of its node 
(páta), in the contrary direction two hundred and thirty-two 
thousand, two hundred and thirty-eight; 

34. Of the asterisms, one billion, five hundred and eighty- 
two million, two hundred and thirty-seven thousand, eight hun- 

= dred and twenty-eight.... 
S These are the fundamental and most important elements upon which 
is founded the astronomical system of the Sürya-Siddhánta. We present 
` them below in a tabular form, but must first explain the character of some 
= of them especially of some of those contained in verse 29, which we have 
J omitted from the table. 
Je. ‘The revolutions of the sun, and of Mars, Jupiter, and Saturn, require 
no remark, save the obvious one that those of the sun are in fact sidereal 
revolutions of the earth about the sun. To the sidereal revolutions of the 
moon we add also her synodical revolutions, anticipated from the next 
D following passage (see v. 85). By the moon's “° apsis '' is to be under- 
stood her apogee; wcca is literally U height,” i.e., ' extreme distance:"'' 
` the commentary explains it by mandocca, “° apex of slowest motion: '' as 
the same word is used to designate the aphelia of the planets, we wer 
: obliged to take in translating it the indifferent term apsis, which applies 

ec unlly to both geocentric and heliocentric motion. The '' node " da the 

: scen l node (see ii. 7); the dual “ nodes '' is never employed m this 

work. [ But the apparent motions of the planets are greatly complicated by 
fact, unknown to the Greek and the Hindu, that they are revolving 
t a centre about which the earth also is revolving. When any planet 
' opposite side of the sun from us, and is accordingly moving in 
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space in a direction contrary to ours, the effect of our change of place is 
to increase the rate of its apparent change of place; again, when it is upon 
our side of the sun, and moving in the same direction with us, the effect 
of our motion is to retard its apparent motion and even to cause it to 
seem to retrograde. This explains the '' revolutions of the conjunction '' 
of the three superior planets: their '' conjunctions '' revolve at the same 
rate with the earth, being always upon the opposite side of the sun from 
us; and when, by the combination of its own proper motion with that of 
its conjunction, the planet gets into the latter, its rate of apparent motion 
is greatest, becoming less iñ proportion as it removes from that position: 
The meaning of the word which we have translated '' conjunction '” is 
“ swift, rapid:'' a literal rendering of it would be  ''swift-point, or 
apex of swiftest motion;'' but, after much deliberation, and persevering 
trial of more than one term, we have concluded that “conjunction '' was 
the least exceptionable word by which we could express it. In the case 
of the inferior planets, the revolution of the conjunction takes the place 
of the proper motion of the planet itself. By the definition given in verse 
27, a planet must, in order to complete a revolution, pass through the 
whole zodiac; this Mercury and Venus are only able to do as they accom- 
pany the sun in his apparent annual revolution about the earth. To the 
Hindus, too, who had no idea of their proper movement about the sun, the 
annual motion must have seemed the principal one; and that by virtue of 
which, in their progress through the zodiac, they moved now faster and 


se 


now slower, must have appeared only of secondary importance. The term _ 


'" conjunction '' as used in reference to these planets, must be restricted, 


of course, to the superior conjunction. The physical theories by which 
the effect of the conjunction (cighra) is explained, are given in the next 
chapter. In the table that follows we have placed opposite each planet 
its own proper revolutions only. 


It is farther to be observed that all the numbers of revolutions, ex- 
cepting those of the moon's apsis and node, are divisible by four, so that, 
properly speaking, a quarter of an Age, or 1,080,000 years, rather 
than a whole Age, is their common period. This is a point of so 
much importancé in the system of the Sürya-Siddbánta, that we have 


ndded, in a second column, the number of revolutions in the lesser 
period, 


In the third column, we add the period of revolution of each planet, 
as found by dividing by the number of revolutions of each the number of 
civil d in an Age (which is equal to the number of sidereal days, given 
fm v. 34, diminiehed by the number of revolutions of the sun; see below, 
v. Pe they are expressed in days, nadis, vinádis, and respirations ; the 
latter may be converted into sexagesimals of the third order by moving 
the decimal point one place farther to the right. 

In thé fourth column are given the mean daily motions. 
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|  — We shall present later some comparison of these elements with those 


1 


adopted in other systems of astronomy, ancient and modern. 
e 
* Mean Motions of the Planets. 


p 





















— Number of Number of Length of a revolution 
P ; pog wore nyse fü nanan didlar time. [usan daily motion. | 














J 

` 

2 
` 
` 
- 
- 
~ 
. 
~ 


a 
B 

E 

"d 





Ba 
Bun, 4,320,000 1,080,000 865 15 31 3.14 59 810104 
Mercury, 17,937,060 4,484,265 87 58 10 5.57 4 5 32 20 41.9 
: Venus, 7,022,376 1,755,594 224 41 54 5.06 | 136 7 48 37.8 
7 | Mars, 2,206,832 574,208 686 59 50 5.87 31 26 28 11.1 , 
rr | Jupiter, 364,220 91,055 4,992 19 14 2.09 4 59 B 48.6 
— ———— 146,568 86,649 | 10,765 46 23 0.41 2 029 53.4 
| Moon: | 
Í PA sider. rev. 57,153,936 14,138,334 27 19 18 0.16 | 13 10 34 52 3.8 
E 7 53.433.336 | 13,358,334 29 31 50 0.70 | 12 11 26 41 53.4 
| 488,203 122,0504| 3,233 5 37 1.36 6 40 68 42.5 
232,238 58,059] 6,794 23 59 2.35 3 10 44 43.2 
Lau EE a 
t The arbitrary and artificial method in which the fundamental ele- 


ments of the solar system are here presented is not peculiar to the Sürya- 
. JJ Siddh&nta; it is nlso adopted by all the other text-books, and is to be 
= al regarded as a characteristic feature of the general astronomical system of 
. the Hindus. Instead of deducing the rate of motion of each planet from 
| . nt least two recorded observations of its place, and establishing a genuine 
> ^ ons och, with the ascertained position of each at that time, they start with 
Te 8 assurnption that, at the beginning of the present order of things, all 
the planets, with their apsides and modes, commenced their movement 
e e heavens (near £ Piscium, as explained above, 

M as the initial point of the sidereal sphere, and 


at certain fixed intervals, to à universal conjunction at 







(SY. t recurrence of the conjunction, and the date of 


of the current Iron Age (kali yuga); at that epoch the 
n conjunction for the last time 
a initial point of the sphere, the former conjunctions having taken 
* ice at intervals of 1,080,000 years previous. The instant at which the 
‘Awe is made to commence is midnight on the meridian of Ujjayini (see 
r under v. 62), at the end of the 588.465th and beginning of the 

(cix | the Julian Period, or between the 17th 
under vv. 45-58, 
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588 AC Wh day (civil reckoning) of 
ind 18th of February 1612 J.P., or 8102 B.C. (see below, 

LL a mu - | 
Tr the computation of the number of days since elapsed). Now, although 
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no such conjunction as that assumed by the Hindu astronomers ever did 
or ever will take place, the planets were actually, at the time stated, ap- 
proximating somewhat nearly to a general conjunction in the neighbor- 
hood of the initial point of the Hindu sphere; this is shown by the next 
table, in which we give their actual mean positions with reference to that 
point (including also those of the moon's apogee and node); they have been 
obligingly furnished us by Prof. Winlock, Superintendent of the American 
Ephemeris and Nautical Almanac. The positions of the primary planets 
are obtained by LeVerrier's times of sidereal revolution, given in the 


Annales de l'Observatoire, tom. ii (also in Biot's Astronomie, 8™® edi- 


tion, tom. v. 1857), that of the moon by Peirce's tables, and those of its 
apogee and node by Hansen's Tables de la Lune. Tha origin of the 
Hindu sphere is regarded as being 18^5'8" east of the vernal equinox of 
Jan. 1, 1860, and 50°22'29" west of that of Feb. 17, 3102 B.C., the pre- 
cession in the interval being 68*27'97". We add, in a second column, the 
mean longitudes, as reckoned from the vernal equinox of the given date, 
for the sake of comparison with the similar data given by Bentley (Hind 


Ast., p. 125) and by Bailly (Ast. Ind. et Or., pp. 111, 182), which we also 
&ubjoin. 


Positions of the Planets, midnight, at Uijayini, Feb. 17-18, 3102 B. C. 





| _ Planet. M aspa a Longitude. Bentley. Bailly. 

a 7 a 
Sun, — 7 51 48 
Mercurv, — 41 3 95 
Venus, + 24 58 59 
Mara, — 19 49 25 
Jupiter, + 8 38 38 
Saturn — 25 1 13 
Moon, — 1 S33 41 
do. apsis, 4 95 19 21 

do. node, #198 24 45 








The want of agreement between the results of the three different 
investigations illustrates the difficulty and uncertainty even yet attending 
inquiries into the positions of the heavenly bodies at so remote an epoch. 
It is very possible that the calculations of the astronomers who were the 
framers of the Hindu system may have led them to suppose the approach ` 
to a conjunction nearer than it actually was; but, however that may be, it 
seems hardly to admit of a doubt that the epoch was arrived at by astrono- 
mical calculation carried backward, and that it was fixed upon as the 
date of the last general conjunction, and made to determine the com- 
mencement of the present Age of the world, because the errors of the 
assumed positions of the planets at that time would be so small, and the 
number of years since elapsed so great, as to make the errore in the mean 
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motions into which those positions entered as an element only trifling in 
amount. 

The moon s apsis and node, however, were treated in a different 
manner. Their distance from the initial point of the sphere, as shown by 
the table, was too great to be disregarded. They were accordingly 
exempted from the general law of a conjunction once in 1,080,000 years, 

and such a number of revolutions was assigned to them as should make 
their positions at the epoch come out, the one a quadrant, the other a half- 
‘revolution, in advance of the initial point of the sphere. 


We can now see why the deduction spoken of above (v. 24), for time 
spent in creation, needed to be made. In order to bring all the planets 
to a position of mean conjunction at the epoch, the time previously elapsed 
must be an exact multiple of the lesser period of 1,080,000 years, or the 
quarter-Age; in order to give its proper position to the moon's apsis, that 
time must contain a certain number of whole Ages, which are the periods 
of conjunction of the latter with the planets, together with a remainder of 
three quarter-Ages; for the moon's node, in like manner, it must contain 
a certain number of half-Ages, with a remainder of one quarter-Age. Now 
the whole number of years elapsed between the beginning of the ‘on 
| and that of the current Iron Age is equal to 1826 quarter-Ages, with an 
| odd surplus of 864,000 years: from it subtract an amount of time which 
shall contain this surplus, together with three, seven, eleven, fifteen, or 
the like (any number exceeding by three a multiple of four), quarter-Ages, 
and the remainder will fulfil the conditions of the problem. The deduc- 
tion actually made is of fifteen periods + the surplus. 

— This deduction is a clear indication that, as remarked above (under 
w. v. : 17), the astronomical system was compelled to adapt itself to an al- 
» ready established Puranic chronology. It could, indeed, fix the previously 
» ë undetermined epoch of the commencement of the Iron Age, but it could 
| not alter the arrangement of the preceding periods. 
4 — It is evident that, with whatever accuracy the mean positions of the 
P planets may, at a given time, be ascertained by observation by the Hindu 
aod astronomers, their false assumption of a conjunction at the epoch of 3102 
j B.C. must introduce an element of error into their determination of the 
T planetary motions. The annual amount of that error may indeed be 
es small owing to the remoteness of the epoch, and the great number of years 
. among which the errors of assumed position are divided, vet it must in 
Lei me grow to an amount not to be ignored or neglected even by observers 
; so inaccurate, and theorists so unscrupulous, as the Hindus. This is ac- 
tually the case with the elements of the Sûrya-Siddhånta; the positions of 
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he planets, as calculated by them for the present time, are in some cases 
nearly 9* from the true places. ‘The later astronomers of India, however, 
J have known how to deal with such difficulties without abrogating their 
* ancient text-books. As the Sürya-Siddhánta is at present employed in 
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astronomical calculations, there are introduced into its planetary elements 
certain corrections, called bija (more properly vija; the word means lite- 
rally *' seed '; we do not know how it arrived at its present significations 
in the mathematical language), That this was so, was known to Davis 
(As. Res., ii. 236), but he was unable to state the amount of the correc- 
tions, excepting in the case of the moon's apsis and node (ibid., p. 275). 
Bentley (Hind. Ast., p. 179) gives them in full, and upon his authority 
we present them in the annexed table. They are in the form, it will be 
noticed, of additions to, or subtractions from, the number of revolutions 
given for an Age, and the numbers are all divisible by four, in order not 
to interfere with the calculation by the lesser period of 1,080,000 years. 
We have added the corrected number of revolutions, for both the greater 
and lesser period, the corrected time of revolution, expressed in Hindu 
divisions of the day, and the corrected amount of mean daily motion. 

These corrections were first applied, according to Mr. Bentley 
(As. Res., viii. 220), about the beginning of the sixteenth century; they 
are presented by several treatises of that as well as of later date, not 
having been yet superseded by others intended to secure yet greater correct- 
ness. 
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l 
| = (Corrected number of revolu- 
- ions |! Corrected time of Corrected daily 
Planet t in 4,820,000 | in 1,080,000) revolution mo 
| G years years | 
| | d n v p e f s — xn "rr 
| 
| : 0 4.320,000 | 1,080,000 365 15 31 3.14 59 8B 10 10.4 
E | =| TE r scalis inca ds 
Ve " -= * 
Erea o| 2,200,882 | "674,208 | 686 5950 5.87| — 31 26 28 11.1 
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| i se mel did 939.242 58.0604, 0,794 16 55 0.66 3 10 44 55.0 











We need not. however, rely on external testimony alone for informa- 
ticn as to the period when this correction was made. Tf the attempt to 
modify the elements in such a manner as to make them give the true posi- 
tions of the planets at the time when they were so modified was in any 
tolerable degree successful, we ought to be able to discover by calculation 
the date of the alteration. If we ascertain for any given time the posi- 
tions of the planets as given by the system, and compare them with the 
true positions as found by our best modern methods, and if we then divide 
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—— differences of position by the differences in the mean motions, we shall 
N Hes discover, in each separate case, when the error was or will be reduced to 
iA nothing. Thè results of such a calculation, made for Jan. 1, 1860, are 
given below under v. 67. We see there that, if regard is bad only to the 
4 * absolute errors in the positions of the planets, no conclusion of value can 
| ' be arrived at; the discrepancies between the dates of no error are al- 
| together too great to allow of their being regarded as indicating any definite 

epoch of correction. If, on the other hand, we assume the place of the 


sun to have been the standard by which the positions of the other 
TAM planets were tested, the dates of no error are seen to point quite dis- 


— tinetly to the first half of the sixteenth century as the time of the correc- 
tion, their mean being A.D. 1541. Upon this assumption, also, we see 
: | why no correction of bija was applied to Mars or to the moon: the former 
had, at the given time, only just passed his time of complete accordance 
with the sun, and the motion of the moon was also already so closely ad- 
justed to that of the sun, that the difference between their errors of posi- 
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i3" . tion is even now less than 10’. Nor is there any other supposition which 
` will explain why the serious error in the position of the sun himself was 


overlooked at the time of the general correction, and why, by that correc- 
tion, the absolute errors of position of more than one of the planete are 
* made greater than they would otherwise have been, as is the case. It is, 
pie >` in short, clearly evident that the alteration of the elements of the Sirya- 
‘Siddhanta which was effected early in the sixteenth century, was an adap- 
tation of the errors of position of the other planets to that of the sun, 
eke assumed to be correct and regarded as the standard. 
— — — Now if it is possible by this method to arrive approximately at the 
ES date of a correction applied to the elements of a Siddhánta, it should be 
|. Possible im Tike manner to arrive at the date of those elements themselves. 
* For, owing to the false assumption of position at the epoch, there is but 
— ene point of time at which any of the periods of revolution will give the 
m i rue place of its planet : if, then, as is to be presumed, the true places were 
| . nearly determined when any treatise was composed, and were made to enter 
|. as an element into the construction of its system, the comparison of the 
. dates of no error will point to the epoch of its composition. "The method, 
 šndeed, as is well known to all those who have made any studies in the 
st ry of Hindu Iin 1a stronomy, has already been applied to this purpose, bv 
Mr. Bentley. It was first originated and put forth by him (in vol. vi. of 
the Asiatic Researche ) at a time when the false estimate of the age and 
Hindu astronomy presented by Bailly was still the prevailing 
one in pe; he strenuously defended it against more than one attack 
(As. R as., viii, and Hind. Ast.), and finally employed it very extensivelv 
in ume on the History of Hindu Astronomy, às a means of deter- 
1^ ame of the different Siddhántas. We present below the table 
e work (p. 196), he deduces the age of the Sórya- 
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Siddhánta; the column of approximate dates of no error we have ourselves 
added. 


Bentley's Table of Errors in the Positions of the Planets, as calculated, 
for successive periods, according to the Sürya-Siddhánta. 
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Mercury, 133 25 35|495 9 52 +16 54 9 + 8 38 26]+ 3 21 40.— 1 12 28) 945 
Venus, +32 43 36|—94 37 31|—16 31 26|— 8 95 21|— 3 14 45|* 114 3| 939 
Mars, +12 5 42 + 9 96 32 + 6 47 22+ 4 8 19/+ 9 26 30 * 0 58 29| 1458 
Jupiter, —17 2 53l— 16|— 8 25 39 — 4 7 2-— 12147 + O 41 14| 906 
Saturn, — |+20 59 3 «15 43 20410 97 37|* 5 11 54|* 1 50 10.— 1 4935 887 
Moon, — 5 52 41— 3 50 48— 2 9 17 — 0 52 33— 0 18 30— 0 011 1097 
4 apsis, |—30 11 25|—23 9 36|—16 7 47|— 9 5 58 — 4 36 26 — O 43 10) 1193 
4, node, |423 37 91 +17 59 21/412 31 11 - 7 3 1+ 3 33 19 + 0 31 50 1188 








From an average of the results thus obtained, Bentley draws the 
conclusion that the Sürya-Siddhánta dates from the latter part of the 
eleventh century ; or, more exactly, A. D. 1091. 

The general soundness of Bentley's method will, we apprehend, be 
denied at the present time by few, and he is certainly entitled to not a 
little credit for his ingenuity in devising it, for the persevering industry 
shown in its application, and for the zeal and boldness with which he pro- 
pounded and defended it. He succeeded in throwing not a little light upon 
an obscure and misapprehended subject, and his investigations have contri- 
buted very essentially to our present understanding of the Hindu systems 
of astronomy. But the details of his work are not to be accepted without 
careful testing, and his general conclusions are often unsound, and require 
essential modification, or are to be rejected altogether. This we will 
attempt to show in connection with his treatment of the Sürya-Siddhánta. 

In the first place, Bentley has made a very serious error in that part 
of his calculations which concerns the planet Mercury. As that planet was, 
at the epoch, many degrees behind its assumed place, it was necessary, 
of course, to assign to it a slower than its true rate of motion. But the 
rate actually given it by the text is not quite enough slower, and, instead of 
exhausting the original error of position in the tenth century of our era, as 
stated by Bentley, would not so dispose of it for many hundred years yet 
to come. Hence the correction of the bija, as reported by Bentley himself, 
instead of giving to Mercury, as to all the rest, a more correct rate of motion, 
is made to have the contrary effect, in order the sooner to run out the 
original error of assumed position, and produce n coincidence between the 
calculated and the true places of the planet. 

In the case of the other planets, the times of no error found by Bentley 
agree pretty nearly with those which we have ourselves obtained, both by ; 

caleulating backward from the errors of A.D. 1860, and by calculating — 
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downward from those of B.C. 8102, and which are presented in the table 
_ given under verse 67. Upon comparing the two tables, however, it will be 
geen at.once that Bentley's conclusions are drawn, not from the sidereal 
errors of position of the planets, but from the errors of their positions as 
= compared with that of the sun, and that of the sun's own error he makes 
... mno account at all. This is a method of procedure which certainly requires 
ES a much fuller explanation and justification than he has seen fit anywhere 
to give of it. The Hindu sphere is a sidereal one, and in no wise bound to 

p: the movement of the sun. The sun, like the other planets, was not in the 
= position assumed for him at the epoch of 3102 B.C., and consequently the 
rate of motion assigned to him by the system is palpably different from 
the real one: the sidereal year is about three minutes and a half too long. 
Why then should the sun's error be ignored, and the sidereal motions of 
the other planets considered only with reference to the incorrect rate of 
motion established for him? It is evident that Bentley ought to have 
taken fully into consideration the sun's position also, and to have shown 
. 1 either that it gave n like result with those obtained from the other planets, 
or, if not, what was the reason of the discrepancy. By failing to do so. 

— he has, in our opinion, omitted the most fundamental datum of the whole 
calculation, and the one which leads to the most important conclusions. 

Vs We have seen, in treating of the bija, that it has been the aim of the 
a modern Hindu astronomers, leaving the sun's error untouched, to amend 
° x those of the other planets to an accordance with it. Now, as things are 
ANT wont to be managed in the Hindu literature, it would be no matter for sur- 
e pri if such corrections were incorporated into the text itself: had not the 
| 31 | Sürya-Siddhánta been, at the beginning of the sixteenth century, 50 widels 
ora distributed, and its data so universally known, and had not the Hindu 


— science outlived already that growing and productive period of its history 
30382 1en a school of astronomy might put forth a corrected text of an ancient 
— authority, and expect to see it make its way to general acceptance, crowd. 
ig out, and finally causing to disappear, the older version—such a process 
f alteration might, in our view, have passed upon it, and such a text 
‘might have been handed down to our time as Bentley would have pro- 
nounced, upon internal evidence, to have been composed early in the 
mix eenth century; while, nevertheless, the original error of the sun would 
LA 'emain, untouched and increasing, to indicate what was the true state of 
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precise time is very doubtful, the discrepancies of the times of no error 
being far too great to give a certain result. Now it is as certain as anything 
in the history of Sanskrit literature can be, that there was a Sürya- 
Siddhánta in existence long before that date; there is nlso evidence in the 
references and citations of other astronomical works (see  Colebrooke, 
Essays, ii. 484; Hind. Alg., p. 1) that there have been more versions than 
one of a treatise bearing the title; and we have seen above, in verse 9, a 
not very obscure intimation that the present work does not present precisely 
the same elements which had been accepted formerly as those of the Sürya- 
Siddhánta. What can lie nearer, then, than to suppose that in the tenth. 
or eleventh century a correction of bija was calculated for application to 
the elements of the Siddhinta, and was then incorporated into the text, 
by the easy alteration of four or five of its verses; and accordingly, that 
while the comparative errors of the other planets betray the date of the 


correction, the absolute error of the sun indicates approximately the true 
date of the trentise? 


In our table the time of no error of the sun is given as A.D. 250. 
The correctness of this date, however, is not to be too strongly insisted 
upon, being dependent upon the correctness with which the sun's place 
was first determined, and then referred to the point assumed as the origin 
of the sphere. It was, of course, impossible to observe directly when the 
sun's centre, by his mean motion, was 10' east of £ Piscium, and there are 
grave errors in the determination by the Hindus of the distances from that 
point of the other points fixed by them in their zodiac. And a mistake 
of 1? in the determination of the sun's place would óccasion a difference 
of 425 years in the resulting date of no error. We shall have occasion to 
recur to this subject in conneetion with the eighth chapter. 


There is also an alternative supposition to that which we have made 
above, respecting the conclusion from the date of no error of the sun. If 
the error in the sun's motion were a fundamental feature of the whole Hindu 

system, appearing alike in all the different text-books of the science, that 

date would point to the origin rather of the whole system than of any 
treatise which might exhiibt it. But although the different Siddhántas 
nearly agree with one another respecting the length of the sidereal year, 
they do not entirely accord, as is made evident by the following statement, 
in which are included all the authorities to which we have access, either 
in the original, or as reported by Colebrooke, Bentley, and Warren : 


Authority. Length of siderval yesr, Error. 
Sürya-SiddbAnta, 365“ e 12" 86° .66 +87 25°.81 
Pauli¢a-Siddhinta, 365 12 36 +3 25 

Arb cara-Biddhánta, 3^5 ° 12 31.50 +3 20.75 -— 

Em dhánta, 9865 6 12 :0.84 «5 20.09 4 

rya-Siddhints, 8"5 ^ 12 50 +3 19.25 DE n 
inta Qiromapi, 9905 6 12 Q +2 658,25 
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|. The first five of these might be regarded as unimportant variations of 

A e same error, but it would seem that the last is an independent determi- 
pe tion, and one of later date than the others; while, if all are independ- 

2 qud the Sürya-Siddhánta has the appearance of being the most 
ancient. Such questions as these, however, are not to be too hastily decided, 


. mor from single indications merely ; they demand the most thorough inves- 
E 2 igation of each different treatise, and the careful collection of all the 

T evide ace which can be brought to bear upon them. 

> > . Here lies Bentley's chief error. He relied solely upon his method 
of examining the elements, applying even that, as we have seen, only 
— and uncritically, and never allowing his rseults to be controlled 
Penk OF corrected by evidence of any other character. He had, in fact, no philo- 
logy, an he was deficient in sound critical judgment. He thoroughly mis- 
x apprehended the character of the Hindu astronomical literature, thinking 
— it to be, in the main, a mass of forgeries framed for the purpose 
ho of deceiving the world respecting the antiquity of the Hindu people. Many 

Eo > ‘ig most confident conclusions have already been overthrown by evi- 


“4 


de ce o whi h not even he would venture to question the verity, and 


[M we are persuaded that but little of his work would stand the test of & 
— É thorough examination. 
| Z= £ | The annexed table presents a comparison of the times of mean sidereal 
2s revolution of the planets assumed by the Hindu astronomy, as re presented 
I d i oy two of its principal text-books, with those adopted by the great Greek 
astronomer, and those which modern science has established. The latter 
ts- are, for the primary planets, from Le Verrier; for the moon, from Nichol 
= (Cyclopedia of the Physical Sciences, London: 1857). Those of Ptolemy 
— gre deduced from the mean daily rates of motion in longitude given by 
,' him in the Syntaxis, allowing for the movement of the equinox according 
| tot ie false rate ádopted by him, of 36" yearly. 
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— Comparative Table of the Sidereal Revolutions of the Planets. 
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Siddhinta- Ptolemy. Moderns. 























| Strya-Siddhints. Qiromapi. 

h m a a h m n d h m - d h m ` 

6 19 36.0 365 612 9. 365 36 948.6) 365 6 9 10.8 
93 16 22.3 87 23 16 41.5 87 23 16 42.9 87 93 15 43.9 
.16 45 56. 094 16 45 1.9 224 16 51 56.8 924 16 49 8.0 
a3 56 93.5| 686 23 57 1.5| 686 23 31 56.! 686 23 30 41.4 
“7 41 44.4) 4.339 5 45 43.7| 4,332 18 9 10.5 4,332 14 32 8.6 
18 33 13.0| 10,765 19 33 56.5) 10,768 17 48 14.9 107759 5 16 32.2 
7 43 12. 27 7 43 19.1 27 7 43 12.1| 97 7 43 11.4 
12 44 Q9. .$99 12 44 2. 49 12 44 3.3 9912 44 2.9 
^a 14 53.4| 3.232 17 37 6.0) 3,232 9 52 13.6| 3,290 13 48 29.6 
985 45.4 6,702 6 5 41.9 6,799 23 18 39.4| 6,708 6 41 45.6 
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In the additional notes at the end of the work, we shall revert to 


the subject of these data, and of the light thrown by them upon the origin 
and age of the system. 


34....The number of risings of the asterisms, diminished by 


the number of the revolutions of each planet respectively, gives the 


number of risings of the planets in an Age. 


35. The number of lunar months is the difference between 
the number of revolutions of the sun and of the moon. If from it 
the number of solar months be subtracted, the remainder is the 
number of intercalary months. 


36. Take the civil days from the lunar, the remainder is 
the number of omitted lunar days (ttthikshaya). From rising to 
rising of the sun are reckoned terrestrial civil days; 


37. Of these there are, in an Age, one billion, five hundred 
and seventy-seven million, nine hundred and seventeen thousand, 
eight hundred and twenty-eight; of lunar days, one billion, six 
hundred and three million, and eighty; 

38. Of intercalary months, one million, five hundred and 
ninety-three thousand, three hundred and thirty-six; of omitted 
lunar days, twenty-five million, eighty-two thousand, two hundred 
and fifty-two; 

39. Of solar months, fifty-one million, eight hundred and 
forty thousand. The number of risings of the asterisms, dimi- 
nished by that of the revolutions of the sun, gives the number of 
terrestrial days. 

40. "The intercalary months, the omitted lunar days, the 
sidereal, lunar, and civil days—these, multiplied by a thousand, 
are the number of revolutions, etc., in an Avon. 


The data here given are combinations of, and deductions from, those | 
contained in the preceding passage (vv. 29-34). For convenience of re- 
ference, we present them below in a tabular form. 


In 4,320,000 years. In 1,680,000 years. 
Sidereal days, 1,582,237 ,828 395,659,457 
deduct solar revolutions, 4,920,000 1,080, 
Natural, or civil days, 1,577 017,828 394,479,467 
Sideral solar years, 4,320,000 1,080,000 
multiply by no. of solar months in a year, 12 hj 12 


Solar months, 51,840,000 12,950,000 - 
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mr Us Moon's sidereal revolutions, 57,753,335 14,438,334 
| deduct solar revolutions, 4.420 ,000 1,080,000 
; Synodical revolutions, lunar months, 53,433,335 13,358,334 
deduct solar months, 51,840,000 - 12,960,000 
Interealary months, 1,593,336 398,334 
Lunar months, 53,433,336 13,358,934 
= multiply by no. of lunar days in a month, 30 80 
=i Lunar days,” 1,603,000,080 400,750,020 
F" deduct civil days, 1,577,917 828 394,479,457 
" Omitted lunar days, 25,082,252 6,270,563 


m We add a few explanatory remarks respecting some of the terms em- 
ployed in this passage, or the divisions of time which they designate. 
t The natural day, nycthemeron, is, for astronomical purposes, reckoned 
in the Sürya-Siddhánta from midnight to midnight, and is of invariable 
= length; for the practical uses of life, the Hindus count it from sunrise to 
— "sunrise; which would cause its duration to vary, in a latitude as high as 
— our own, sometimes as much as two or three minutes. As above noticed, 
P the system of Brahmagupta and some others reckon the astronomical day 
also from sunrise. 
N For the lunar day, the lunar and solar month, and the general cons- 
— titution of the year, see above, under verse 13. The lunar month, which 


i? is the one practically reckoned by, is named from the solar month in which 
i it commences. An intercalation takes place when two lunar months begin 
— — Aim the same solar month: the former of the two is called an intercalary 
rat month (adhimdsa, or adhimdsaka, `` extra month '), of the same name as 


< 


that which succeeds it. 
— n | mi | ~= (fithiksha TE f a lunar dav `) 
da The term '' omitted lunar day (fithikshay«, 035 O a day , 
bui explained by the method adopted in the calendar, and in practice, of 
i — 3e of the month. The civil day receives the name of the 






' gost “est ig the days - 3 ° d i the same solar day 
— - lunar day which ends in it; but if two lunar days end in the sam SE? cE 
m E rmer of them is reckoned as loss (kshaya), and is omitted, the Ga. 







— A41. The revolutions of the sun's apsis (manda), moving 
= eastward, in an Æon, are three hundred and eighty-seven; of that 


—— C ' Mars, two hundred and four; of that of Mercury, three hundred 
ive hundred and thirty-five; of the a 
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— — and sixty-eight; A 
P. * - 42. Of that of Jupiter, nine hundred; of that of Venus, 
Tuc F psis of Saturn, thirty-nine. 
“Farther, the revolutions of the nodes, retrograde, are: 

` 2. Of that of Mars, two hundred and fourteen; of that of 
GU See i -el . of that of Jupiter, one 

JMercury, four hundred and eighty-eight; o p 
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of Venus, 1 nine "hundred. and | *— 
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T $ 44. + the node of Saturn, the revolutions in an 4Eon are 4 | 
| ix hundred and sixty-two : the revolutions of the moon's apsis — 
ind node have been given here already. ge. 
` ` a m S 


In illustration of the curious feature of the Hindu system of astro- 
nomy presented in this passage, we first give the annexed table; which —— 
shows the number of revolutions in the JEon, or period of 4,820,000,000 
years, assigned by the text to the apsis and node of each planet, the result- * 
ing time of revolution, the number of years which each would require to 
pass through an arc of one minute, and the position of each, according 
to the system, in 1850; the latter being reckoned in our method, from the 
vernal equinox. Farther are added the actual positions for Jan. 1, 1850, as 
given by Biot (Traité d' Astronomie, tom. v. 529); and finally, the errors. 
of the positions as determined by this Siddhánta. 


* # 


Table of Revolutions and Present Position of the Apsides and Nodes af ? 
the Planets. - ë 




























No. of i 
| No. of | x; f Resulting True Error of 
Planet. | rev. in RUM os revolution, | years to | position, | position, | Hindu 
an Eon. y r See EY A.D. 1850. | A.D. 1850.) position. 
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Apsides : | ° , e , x a — 
Sun, 887 11,162,790.7 95 4 100 22 | — 516 ' 
Mercury, 365 11,739,130.4 238 15 255 7 | — 16 52 
Venus, | 535 8,074,766.4 97 39 909 24 | —211 45 T 
Mars, | 204 21,176,470.6 147 49 15818 |- 629) X “` 
Jupiter, 900 4,800,000.0 189 9 191 85 | — 246 7 
Saturn, 89 110,769,230.8 254 24 270 6 | — 15 42 | — 

88 27 4633 | — 8 6 | 

71 26 76819 |+ 27 d 
827.586 v9» | 95 | 195 v 
Ju iter, | 7. 2 7 , BR M | - < . 
Setar, 662 6,525,078.9 118 7 11222 | + 5465 b- 


A mere inspection of this table is sufficient to show that the Bind | AR 
astronomers did not practically recognize any motion of the apsides and 
nodes of the planets ; since, even in x the case of those to which they assigned — 
the most rapid motion, two thousand years, at the least, would be requ ed ae 

te to produce such a change of place as they, with their imperfect means | | 
observation, would be able to detect. | 


‘This will, however, be made still more clearly — by the ext 
following table, m ovii: vo Rope esta Ot MN 10€ 
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as determined by four different text-books of the Hindu science, for the 
commencement of the Iron Age. 


Positions of the Apsides and Nodes of the Planets, according to Different 
Authorities, at the Commencement of the Iron Age, 5102 B. C. 








In 











Bi Siddbûntias Ë. —— ‘Para 'ara- 

Planet. | Sárya-Siddhánta. Giromat i. Árya-Biddhánta. | Sid hanta. 
les : (rev.) ^ e GC a8 (rev.) 5 ^o 9, n (rev.) "5 ^o ; o" | (rev.) 8B o » et 
x . (176) 2 17 7 48 | (219) 2 17 45 36 | (210) 2 17 45 36 | (219) 2 17 45 36 
Mercury, (166) 71019 12 (161) 71447 21054 7 014 QA | (162) 7 O0 40 19 
Venus, (242) 2 19 39 0} (298) 2 91 2 10 | (300) O17 16 45 | (240) 2 20 42 43 
Mars, (92) 4 9 57 36 |(133) 4 8 18 14 | (136) 4 35024 |(149) 4 2 43 26 
Jupiter, (407) 5 21 0 O |(890) 5 22 15 36 | (318) 85 22 48 O | (448) 5 22 35 24 
Saturn, (17) 7 26 36 36 (18) 8 20 53 31 (16) 4 29 45 36 (24) 7 28 14 52 
, | (221-) 0 20 52 48 (238-) O 21 20 53 | (239-) 0 20 9 35 (296-) 0 21 1 26 
Venus, (409-) 2 O 1 48 (408-) 2 O 5 32} (482-) 2 O 28 48 | (408-) 2 0 5 2 
rs, (97-) 1 10 8 24 | (122-) O 21 59 46 | (136-) 1 10 19 12 | (112) 1 9 3 86 
ter, (79-) 2 19 44 24 (29-) 222 2 38 (44=) 2 20 38 24 (87-) 2 21 43 12 
Seturn, |(300-) 3 10 37 12 | (267-) 3 13 23 31 | (283-) 3 10 48 0 | (288-) 3 10 26 24 





The data of the Arya and Párácara Siddhántas, from which the posi- 
tions given in the table are calculated, are derived from Bentley (Hind. 
Ast. pp. 139, 144). To each position is prefixed the number of completed 
revolutions ; or, in the case of the nodes, of which the motion is retrograde, 
the number of whole revolutions of which each falls short by the amount 
expressed by its position. 

The almost universal disagreement of these four authorities with 
respect to the number of whole revolutions accomplished, and their general 
agreement as to the remainder, which determines the position,* prove that 
the Hindus had no idea of any motion of the apsides and nodes of the 
planets as an actual and observable phenomenon; but, knowing that the 

| moon's apsis and node moved, they fancied that the symmetry of the uni- 
1. verse required that those of the other planets should move also; and they 
| constructed their systems accordingly. They held, too, as will be seen at 
E. the beginning of the second chapter, that the nodes and apsides, as well as 


m the conjunctions (gighra), were beings, stationed in the heavens, und ex- 
eee reising a physical influence over their respective planets, and, as the con- 
=_= junctions revolved, so must these also. In framing their systems, then, they 









J assigned to these points such a number of revolutions in an Æon as should, 


n Be itho ut attributing to them any motion which admitted of detection, make 





their positions what they supposed them actually to be. The differences 
um 


EM y * It is altogether probable that, in the two cases where the Arya-Siddhinta seems 
*e i sag ee with the others, its data were either given incorrectly by Bentley's authority, 


- 
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C To — to the number of evolutions were in part rendered necessary by 
— . the differences of other features of the systems; thus, while that of the 
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. fiddbánta Ciromani makes the planetary motions commence at the begin- 
| Le ning of the AZon, by that of the Sürya-Siddhánta they commence 17,064,000 
years later (see above, v. 24), and by that of the Arya-Siddhanta, 3,024,000 


years later (Bentley, Hind. Ast. p. 139): in part, however, they are merely 


arbitrary ; for, although the Párácara-Siddhánta agrees with the Sdidhanta- 
Qiromani as to the time of the beginning of things, its numbers of revolu- 


tions correspond only in two instances with those of the latter. 

It may be farther remarked, that the close accordance of the different 
astronomical systems in fixing the position of points which are so difficult 
of observation and deduction as the nodes and apsides, strongly indicates, 
either that the Hindus were remarkably accurate observers, and all arrived 
independently at a near approximation to the truth, or that some one of 
them was followed as an avthority by the others, or that all alike derived 
their data from a common source, whether native or foreign. We reserve 
to the end of this work the discussion of these different possibilities, and 
the presentation of data which may tend to settle the question between 
them. 


45. Now add together the time of the six Patriarchs 
(manu), with their respective twilights, and with the dawn at the 


commencement of the Æon (kalpa); farther, of the Patriarch 
Manu, son of Vivasvant, 


46. The twenty-seven Ages (yuga) that are past, and like- 
wise the present Golden Age (krta yuga); from their sum subtract 
the time of creation, already stated in terms of divine years, 


47. In solar years: the result is the time elapsed at the 
end of the Golden Age; namely, one billion, nine hundred and 


fifty-three million, seven hundred and twenty thousand solar 
years. 


We have already presented this computation, in full, in the notes to 
verses 23 and 24. 


As the Strya-Siddhinta professes to have been revealed by the Sun. 
about the end of the Golden Age, it is of course precluded from | 


m 





any notice of the divisions of time posterior to that period : there is no- M 
where in the treatise an allusion to any of the eras which nre actually: made | 

use of by the inhabitants of India in reckoning time, with the pude ds ; 
of the cycle of sixty years, which, by its nature, is bound to — a 
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48. To this, add the number of years of the time since ` 
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* period (see below, v. 55). The astronomical era is the commencement of 
the Iron Age, the epoch, according to this Siddhánta, of the last general 
coincides, as stated above (under vv. 29-34) 


conjunction of the planets; this 
with Feb. 18, 1612 J. P., or 3102 B.C. From that time will have elapsed, 
pril, 1859, the number of 4960 complete sidereal 


. upon the eleventh of A 


years of the Iron Age. 'The computation of the whole period, from the 


beginning of the present order of things, is then as follows: 


> From end of creation to end of last Golden Age, 1,953,720 ,000 
Silver Age, 1,296,000 
864,000 

4,960 2,164,960 


Brazen Age, 


F d Of Iron Age, 
1,955,884 960 


| Total from end of creation to April, 1859, 
. Since the Sürya-Biddhánta, as will appear from the following verses, 
_ reckons by luni-solar years, it regards as the end of I.A. 4960 not the end 
.. of the solar sidereal year of that number, but that of the luni-solar year, 
— which, by Hindu reckoning, is completed upon the third of the same 
month (see Ward, Kala Sankalita, Table, p. xxxii). 


48... Reduce the sum to months, and add the months expired 


wm, 


of the current year, beginning with the light half of Cáitra. 
mol 49. Set the result down in two places; multiply it by the 
— number of intercalary months, and divide by that of solar months, 
and add to the last result the number of intercalary months thus 
= found; reduce the sum to days, and add the days expired of the 


a 


current month; 

50. Set the result down in two places; multiply it by the 
and divide by that of lunar days; 

e number of omitted lunar days 


at midnight, on the meridian of 


S number of omitted lunar days, 
eee eal | 
btract from the last result th 


P. thus obtained : the remainder is, 
| Lanká, 
* 51. The sum of days, in civil reckoning. 






* es o Th these verses is taught the method of one of the most important 
JW aY 1 frequently recurring processes in Hindu Astronomy, the finding, name- 
f the number of civil or natural days which have elapsed at anv given 
reckoning either from the beginning of the present creation, or (see 
v. 56) from any required epoch since that time. In the modern 
al ani ' age, the result is uniformly styled the ahargana, '' sum of 
ever, does not once occur in the text of the 
-Siddt inta: in the present passage we have dyugana, which means 
| in , and in verse 58 dinardgi, “ heap or quantity of days.” 
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Let it be paral to find the eum of days to the Fiselunine of Jan. 1, 1860. 
RP s 1t ie first necessary to know what date corresponds to this in Hindu — 
. reckoning. We have remarked above that the 4960th year of the Iron s 
Age is completed in April, 1859; in order to exhibit the place in the next 
. following year of the date required, and, at the same time, to present the: 5-3 
names and succession of the months, which in this treatise are assumed — — 
as known, and are nowhere stated, we have constructed the following skele- 





ton of a Hindu calendar for the year 4961 of the Iron Age. a | 
Solar Year. aa. 
month. Gret day. TE 
(I. A. 4960.) Luni-solar Year. 
12. Chitra ` Mar. 13, 1859. mouth. first day. 
(T. A. 4961.) (L. A. 4961.) 
1. Véicikha, Apr. 12, do. 1. Céitra, Apr. 4, 1859. 
* 2, Jy&isbtha, May 18, do. 2, Viiigakha, May 3, do. 
8. Ashadha, June 14, do. 9. Jyhishthu, June 2, do. Y 
4. Qrhvana, July 15, do. 4. Ashàádha, July 1, do. 
5. Bbádrapada, Aug. 16, do. 5. Qrávana, July 31, do. 
6. Açvina, Sept. 16, do. 6. Bbidrapada Aug. 29, do. 
7. Karttika, Oct. 16, do. 7. Aovina, Sept. 98, do. 
B. Maárgagirsha, Nov. 15, do. B. Kürttika, Oct. 27, do. E 
0. Piushsa, Dec. 15, do. 9. Mårgaçtrsha, Nov. 26, do. = 
10. Magba, Jan. 13, 1860. 10, Pd&usha, Dec. 25, do. 
11. Philguna, Feb. ll, do. 11. Macha, Jan. 24, 1860. 
12. Citra, . Mar. 12, do. 12. Pbálguna, Feb. 22, do. ; 
(I. A. 4962.) ; 
1. Chitra, Mar. 23, do. ~ 


The names of the solar months are derived from the names of the 
asteriams (see below, chap. viii.) in which, at the time of their being first 
so designated, the moon was full during their continuance. The same 
names are transferred to the lunar months. Each lunar month is divided x 
into two parts; the first, called the light half (cukla paksha, + bright £ 
side ''), lasts from new moon to full moon, or while the moon is waxing; ` ca 
the other, called the dark half (Krshna paksha, '' black side "j, lasts from N 5. 
full moon to new moon, or while the moon is waning. — 

The table shows that Jan. 1, 1860, is the eighth day of — "ik 
month of the 4961st year of the Iron Age. The time, then, for which we 
have to find the sum of days, is 1,955,884,960 y., 9 m., 7 d. 















Number of complete yeare elapsed, 

multiply by number of E ar months in m year, 
Number of months, — <. 

add months elapsed. of current year, 
Whole number of se adis 
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CAMAS i 1 Now n proportion is made: as the whole number of solar months in 
" an Age is to the number of intercalary months in the same period, so is 

' am. <. - * 

E the number of months above found to that of the corresponding intercalary 

|... months: or, 






















i 

—— pt | 51,840,000 : 1,593,935 :: 23,470,619,629 : 721,354,703 + 
T4. — — Whole number of months, as above, 23,170,619,529 
| ze ij. i add intercalary months, 721,384,703 
4 Em Whole number of lunar months, 24,192,004,932 
gi — .— multiply by number of lunar days in a month, 30 

| i bd à M s i - 

(05 Number of lunar days, 125,160,126,960 
à — add lunar days elapsed of current month, 7 





É. 


3 A * i Whole number of lunar days elapsed, 725,760,126, 067 

s — — fo reduce, again, the number of lunar days thus found to the corres- 
ponding number of solar days, a proportion is made, as before: as the whole 
|J number yf lunar days in an Age is to the number of omitted lunar days in 
. the same period, so is the number of lunar days in the period for which 
. the sum of days is required to that of the corresponding omitted lunar days: 




















— . 44,009,000,080 : 25,082,252 :: 725,760,126,967 : 11,356,018,895 + 
b “Whole number of lunar days, as above, 725,760,126 067 
(0T deduct omitted lunar days, 11:956 018,395 
des 








pU aie | | 
a? ‘Total number of civil days from end of creation to 
| beginning of Jan. 1, 1860, | 


w 
- -* 


714,404,105,572 


From this may be found the lords of the day, the 
ath, š i the year, counting from the sun. If the number be 
ide d by sev ven, the remainder marks the lord of the day, begin- 
L M SO 4 S ; 
> 52. Divide the same number by the number of days in 
a month ni Lin a year, multiply the one quotient by two and the 
other by I Iree , add one to each product, and divide by seven; the 
1a] indicate the lords of the month and of the year. 
t - erse ; explain the method of ascertaining, from the sum of days 
ady found, 7 planet which is accounted to preside over the day, and 
uni e whose charge are placed the month and year in which 


| w 4 Y 


day is to find the day of the week, since the 
name from the former. The week, with the names and 
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succession of its days, is the same in India as with us, having been derived 
both from a common source. The principle upon which the assignment 
of the days to their respective guardians wus made has been handed down 
by ancient authors (see Ideler, Handbuch d. math. u. tech, Chronologie, 
i. 178, etc.), and is well known. It depends upon the division of the day 
into twenty-four hours, and the assignment of each of these in succession 
to the planets, in their natural order; the day being regarded as under the 
dominion of that planet to which its first hour belongs. Thus, the planets 
being set down in the order of their proximity to the earth, as determined 
by the ancient systems of astronomy (for the Hindu, see below, xii. 84-88), 
beginning with the remotest, as follows: Saturn, Jupiter, Mars, sun, Venus, 
Mercury, moon, and the first hour of the twenty-four being assigned to the 
sun, as chief of the planets, the second to Venus, etc., it will be found that 
the twenty-fifth hour, or the first of the second day, belongs to the moon ; 
the forty-ninth, or the first of the third day, to Mars, and so on. Thus is 
obtained a new arrangement of the planets, and this is the one in which 
_this Siddhánta, when referring to them, always assumes them to stand 
(see, for instance, below, v. 70; ii. 35-37): it has the convenient property 
that by it the sun and moon are separated from the other planets, from 
which they are by so many peculiarities distinguished. Upon this order 
depend the rules here given for ascertaining also the lords of the month and 
of the year. The latter, as appears both from the explanation of the com- 
mentator, and from the rules themselves, are no actual months and years, 
but periods of thirty and three hundred and sixty days, following one 
another in uniform succession, and supposed to be placed, like the day, 
under the guardianship of the planets to whom belong their first subdivi- 
sions: thus the lord of the day is the lord of its first hour; the 
lord of the month is the lord of its first day (and so of its first hour); the 
lord of the year is the lord of its first month (and so of its first day and 
hour). We give below this artificial arrangement of the planets, with the 
order in which they are found to succeed one another as lords of the periods 
of one, thirty, and three hundred and sixty days; we add their natural 
order of succession, as lords of the hours; and we farther prefix the ordi- 
nary names of the days, with their English equivalents. Other of the 
numerous names of the planets, it is to be remarked, may be put before 
the word våra to form the name of the day: våra itself means literally 


'" successive time,” or '' turn," and is not used, so far as wo nre aware, 
in any other connection, to denote a day. 


Name of day Prosiding Planet — de 
- ame . , 
day, month, rear, hour. 
Ravivára, Bunday, Sun, AS 2 1 1 
Bomavire, Monday, Moon, 2 5 6 4 
Mangalavira, Tuesday, Mars, 8 2 4 7 
Budbnavára, Wednesday, Mercury, 4 6 2 8 
Guruvüára, Thursday, Jupiter, 5 3 Li 6 
ravra, Friday, Venos, 6 7 5 2 oe. 
våra, y Baturn, T. 4 7 «872 NEM 
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As the first day of the subsistence of the present order of things is 
= supposed to have been a Sunday, it is only necessary to divide the sum of 
n days by seven, and the remainder will be found, in the first column, opposite 
| ‘the name of the planet to which the required day belongs. Thus, taking 

the sum of days found above, adding to it one, for the first of January 
itself, and dividing by seven, we have: 


7)714,404,108,573 
102,057,729,796 — 1 
The first of January, 1860, accordingly, falls on a Sunday by Hindu 


| E. 
En reckoning, as by our own. 
k | On referring to the table, it will be seen that the lords of the months 


y follow one another at intervals of two places. To find, therefore, by a 
Pot summary process, the lord of the month in which occurs any given day, 
n first divide the sum of days by thirty; the quotient, rejecting the re- 
| mainder, is the number of months elapsed; multiply this by two, that 


Ta M each month may push the succession forward two steps, add one for the 
er to get rid of whole series, and 


< sss current month, divide by seven in ord 
f 4 the remainder is, in the column of lords of the dav, the number of the 
* " 


. regent of the month required. Thus: 
| 30) 14,404,108,572 
Š 98.818,470,985+ 
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1)47,626,940,571 
6,803,848 652—7 


e month in question is therefore Saturn. 
rd of the year, saving that, as the 
ervals of three places, the 


tiplication is by three instead of by two. Upon working out the pro- 
x i ainder is five, which designates 





parallel passage xii. 77, 78, no reference is 
to the week, or to the names of its days. 
eak of the week at all in connection with 
ever to have regarded it as à division 
they knew only of a certain order 
placed under the regency of the 
as remarked above (under vv. 111, 
the day into twenty-four hours upon 
it follows that the whole system was 


°  &ucce sion, | 
COCOS OG GR NEP e r 

— A | planets. And since, moreover, 
19), they never made that division of 
— die o der of regeney depends, 
ea Si 





+ ;* — — and. —— into India. "Mons with. other enu — 
2 
e modern sciences of. astronomy and astrology, to which it belonged. Its — 
— E foundation, the lordship ‘of the successive hours, is shown by the 5. 
ther passage (xii. 78) to have been also known to the Hindus; and the  - 
g name by which the hours are there called (horá=%ea) indicates beyond | 
ME — the source whence they derived it. 









53. Multiply the sum of days (dinardgi) by the number of - 
revolutions of any planet, and divide by the number of civil days; 
the result is the position of that planet, in virtue of its mean 
motion, in revolutions and parts of a revolution. 


Bs the number of revolutions nnd of civil days is meant, of course, 
their number, as stated above, in an Age. For '' position of the planet," 
ete., the text has, according to its usual succinet mode of expression, 
simply ` is the planet, in revolutions, ete." There is no word for '' posi- ` 
tion " or ` place ` in the vocabulary of this Siddhanta. 

This verse gives the method of finding the mean place of the planets 
at any given time for which the sum of days has been ascertained, by 
a simple proportion: as the number of civil days in a period is to the ` 
number of revolutions during the same period, so is the sum of days to 


* 
the number of revolutions and parts of a revolution accomplished down 
to the given time. Thus, for the sun: — 

1,577,917,828 : 4,320,000 :: 714,404,108,572 : 1.955,884,060rev B* 17° 48' 7" c 


The mean longitude of the sun, nd Jan. 1st, 1860, at midnight E - 
on the meridian of Ujjayini, is 257° 48' 7", We have caleulated in this e 


manner the positions of all the planets, and of the moon s apsis and node— i 
availing ourselves, however, of the permission given below, in verse 56, s, & 
and reckoning only from the last epoch of conjunction, the beginning of tbe; © 


Iron Age (from which time the sum of days is 1,811,945), and also em- —  — 
ploving the numbers afforded by the lesser period of 1,080,000 years—and | É 
present the results in the following table. rli 


r N- ás 
Mean Places of the Planets, Jan, ist, 1860, midnight at Li jjayini, — 
















“According to the The same 


Planet. Sürya-Siddbünta, corrected by the bfja. 













(rev.) 8 < + e a - + “ I i 
mus o qim E ee 
M " 0A 4 n * p- DW Ei Ë j 
Venus, (8,063) 10 59 10 16 11 93 | 
Te Mara, (2,687) 5 86 5 24 17 36 | 
Jupiter, (ais) 2 x 2 93 41 4l 
Saturn, (168) 3 12 | 3 25 8 50 
- Moon, —— 24 11 16 23 24 
.. apais, { 10 =Š i 1B 3 13 
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_ The positions are given as deduced both from the numbers of revolu- 
_ tions stated in the text, and from the same ns corrected by the bija: 

= prefixed are the numbers of complete revolutions accomplished since the 
| epoch. In the cases of the moon’s apsis and node, however, it was 
necessary to employ the numbers of revolutions given for the whole Age, 


E these not being divisible by four, and also to add to their ascertained 
in. amount of movement their longitude at the epoch (see below, under vv. 
m NT, 58). 

ESEN 

— 54. Thus also are ascertained the places of the conjunction 


(cighra) and apsis (mandocca) of each planet, which have been 
- mentioned as moving eastward; and in like manner of the nodes, 
—  — which have a retrograde motion, subtracting the result from a 
. whole circle. 
















| = The places of the apsides and nodes have already been given above 
= (under vv. 41-44). both for the commencement of the Iron Age, and 
for A.D. 1850. The place of the conjunctions of the three superior planeta 


es. 
Mv we is, of course, the mean longitude of the sun. In the case of the inferior 


e ob. 


= planets, the place of the conjunction is, in fact. the mean place of the 
— planet itself in its proper orbit, and it is this which we have given for 


| s Mercury and Venus in the preceding tnble: while to the Hindu apprehen- 


Yi — sion, the mean place of those planets is the same with that of the sun. 
aI — 
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55. Multiply by twelve the past revolutions of Jupiter, add 


= the signs of the current revolution. and divide by sixty: the 
remainder marks the year of Jupiter's cycle, counting from 
n ii Vijaya. 
aon 






| This is the rule for finding the current year of the cycle of sixty vears, 
which is in use throughout all India. and which ts called 

— B jganet, by its mean motion, through one sign of the zodiac. According 

sf this period with the true 


fer: IE ; the cvele of 
» 2- Jupiter, because the length of its years is measured by the passage of that 
f this Siddhánta, the length of Jupiter's year 

nakes it about 12m longer. Tt was 

f time: but it has not been 

where the evele orimnn^»ted, 


V ` 
La 


: y e M4 
stiefactor ily ascertained, so far as we are aware, 
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et. There was, indeed, also in use a eyele 
ty the time of one sidereal revolution: see 
low, x 200. etc.) and Warren (Kala Sankalita, 


197, eto.) length of the greater cycle, and of the 
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M SS different modes of. reckoning and naming its years usual in the different 

M: provinces of India. 

E In illustration of the rule, let us ascertain the year of the cycle cor- 
responding to the present year, A.D. 1859. It is not necessary to make 
the calculation from the creation, as the rule contemplates; for, since 
the number of Jupiter's revolutions in the period of 1,080,000 years is 
divisible by five, a certain number of whole cycles, without a remainder, 
will have elapsed at the beginning of the Iron Age. The revolutions of 
the planet since that time, as stated in the table last given, are 418, and 
it is in the 3rd sign of the 419th revolution; the reduction of the whole 
amount of movement to signs shows us that the current year is the 
5019th since the epoch: divide this by 60, to cast out whole cycles, and 
the remainder, 39, is the number of the year in the current cycle. This 
treatise nowhere gives the names of the years of Jupiter, but, as in the 
case of the months, the signs of the zodiac, and other similar matters, 
assumes them to be already familiarly known in their succession: we 
accordingly present them below. We take them from Mr. Davis's paper, 


alluded to above, not having access at present to any original authority 
which contains them. 


— e - ° > — ‘ese Ff 5 aft ee ™, Gee " > 


s 


1. Vijaya. 21. Pramadin. 41. VA eer 
2. Jaya. 22, Ananda. 42. Ava. 

š 9. Manmatha 23. Råkshasa. 49. Yuvan. 

I 4. Durmukha 24. Anais. 44. Dhhtar. 

| 5. Hemalamba 25. Pingala. 45. Tcvara. 

- 6. Vilamba 26. KA&layukta. 46. Bahudbanys. 
7. Wik&rin 27. Siddhärthin. 47. PramAthin. 

w 8. Qarvart 28. Råndra, j 48. Vikrama. 
9. va. 20. Darmati. 49. Bhrçya. 
10. Qubhakrt. 30. T'undubhi. 50. Citrabhánu. 
11. Qobhana. 81. Rudhirodgárin. 51. Subhánn. 
12. Krodhin. 32. Raktdksha. 52, 'Tárapna. 
13. Vicvivasu 33. Krodhans. 53. Piürthiva. 
14. Parábhavsa 34. Kahaya. 54. Vyaya. 
15. Plavanga 35. Prabhava. 55. Sarvajit. — 
16. Kilaka 36, Vibhava. 56. Sarvadhárin. 
17. SAumya 87. Qnkla. 57. Virodhin. 
18. ShAdháhrana 38. Pramoda. BB. "Vikrta. ba iE 
19. Viredha 30. PrajApati. 59, Khara. | 
20. PFaridhávin. 40, Angiras. 60. Nandana 

| It appears, then, that the current year of J upiter's cycle | is named. | 


raiApati: upon dividing by thé planet's mean daily motion the part of 
—— yà already passed over, it will be found that, according to 
the text, that year commenced on the twenty-third of February, 1859; 
or, if the correction of the bíia be admitted, on the third of April. : | Ps 
Although it is thus evident that the Sürya-Siddhánta. regards. both | 
the existing order oí things and the Tron Age as having begun with Vijaya, * 
that year is not generally accounted as the first, but as the twenty-seventh, c 


a 


of the cycle, _ which: is thus made to commence with Prabhava, An oie! ! ae 
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g E of this discrepancy might perhaps throw important light upon 
he origin or history of the cycle. 

"This method of reckoning time is called (see below, xiv. 1, 2) the 
 bärhaspatya måna, '' measure of Jupiter.’ 


A4 


| a » 56. The processes which have thus been stated in full detail, 
| e practically applied in an abridged form. The calculation of 


*. n 


23 the mean place of the planets may be made from any epoch 
Teuga) that may be fixed upon. 


57. Now, at the end of the Golden Age (krta yuga), aM the 
planets by their mean motion—excepting, however, their nodes 
nd apsides (mandocca)—are in conjunction in the first of Aries. 


a in the first of Capricorn, and 


Ji ts dts eo is in the first of Libra; and the rest, which have been 
—* stated! above to have a slow motion—their position cannot be 


pres in whole signs. 


"ue. lx. 
f = 
(qt is curious to observe how the Sarya 
1 = quu a later origin than that which it claims in the second verse of 
— chapter, is compelled to ignore the real astronomical epoch, — the 
— — rinning of the Iron Age; and also how it avoids any open recognition 
— of e lesser cycle of 1, 080,000 years, by which its calculations are so 
es idently intended to be made. 
E wz, í E ‘The words at the end of verse 56 the commentator interprets to mean: 
: SK. ro m the beginning of the current, i.e., the Silver, Age.” In me he 
:: + jis or ly helping. to keep up the pretence of the work to. — * 
. tiqui y even going therein beyond the text itself, which expressly says: 
om 


Io om td desired. (ishtatas) yuga. Possibly, however, we have taken 


E. / too gre t a liberty. in rendering yuga by " epoch,' and it should rather 
eae D ae The word yuga comes from 
be — i e." | beginning of an Age.” i | 

A r . the word itself 
t 


" (Latin, jungo; Greek, Lev yvvpa 
seems to have been originally applied 


is ito: m ugum, tvyév), and 

x pe a th juo or — by means of which the conjunction or 
— won ilence of discordant modes of reckoning time was kept up; thus 
signifies also the lustrum, or. cycle of five years, which, with an 


-i f the year 
int anci entl maintained the correspondence 6, 0 
interi lated iesu. ene ently From such uses it was transferred 


he indu chronology. 
rods ii y j? re accounted to have 


the Iron 


ty 
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; Et 58. The moon's apsis (ucca) i 


.SidahAnta, lest it should seem 
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Age, the planets, nt the latter epoch, have again returned to a position 
of mean conjunction: the moon's node, also, is still in the first of Libra, 


but her apsis has changed its place half a revolution, to the first of Cancer — 


(see above, under vv 29.34) The positions of the apsides nud nodes 


of the other planets at the same time have been given already, under 
verses 41-44. 


The Hindu names of the signs correspond in signification with our 
own, having been brought into Indian from the West. 


There is nowhere in 
this work any allusion to them as constellations, or as having any fixed 
position of their own in the heavens: they are simply the names of the 
suecessive signs (ráçi, bha) into which any circle is divided, and it is left 
to be determined by the connection, in any case, from what point they 
shall be counted. Here, of course, it is the initial point of the fixed 
Hindu sphere (see above, under v. 27). As the signs are, in the sequel, 
frequently cited by name, we present annexed, for the convenience of 
reference of those to whose memory they are not familiar in the order 
of their succession, their names, Latin and Sanskrit, their numbers, and 


the figures generally used to represent them. Those enclosed in brackets 
do not chance to occur in our text. 


1. Aries, P mesha, aja. 7. Libra, Z tuld. 

2. Taurus, © ershan. 8. Scorpio, m f[erecika,] ali. 
8. Gemini, [I mithuna. 9. Sagittarius, 7  dhanus, 

4. Cancer, gp karka, karkata. 10. Capricornus, VP makara, mrga. 
6. Leo, OQ [sinħa]. 11. Aquarius, =: kumbha. 

6. Virgo, TR kanyd. 12. Pisces, 3€ [mina], 


In the translation given above of the second half verse 58, not n 
little violence is done to the natural construction. "This would seem to 
require that it be rendered: '' and the rest are in whole signs (have come 
to na position which is without a remainder of degrees); they, being of 
slow motion, are not stated here." But the actual condition of things 
at the epoch renders necessary the former translation, which is that of 
the commentator also. We cannot avoid conjecturing that the natural 
rendering was perhaps the original one, and that a subsequent alteration 


of the elements of the treatise compelled the other and forced interpre- 
tation to be put upon the passage. 


The commentary gives the positions of the apsides and nodes (those 
of the nodes, however, in reverse) for the epoch of the end of the. Golden 
Age, but, strangely enough, both in the printed edition and in our 
script, commits the blunder of giving the position of Saturn's node a 
second time, for that of his apsis, and also of making the seconds of the 


position of the node of Mars 12, instead of 24. We thoefore add thers 
below, in thejr correct form. 


^l 
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Fu Motion of the Apsides and Nodes of the Planets, to the End of the last 
——— Goldem Age. 

lr 4 x 
Y ü * i Planet. Apsis. 
32 3 = 
t LÀ | (rev.) 6 o , " 
W Sun, (175) 0 7 28 12 

£ NI | Mercury, DM 5 4 4 48 

E Venus, 241) 11 13 21 O 
n Mars, (929) 3 3S 14 24 

— Jupiter, 407) 0 9 O O 

"i ct Saturn, (47) 7 19 35 24 

Du | 

| The method of finding the mean places of the planets for midnight 


rime meridian having been now fully explained, the treatise 


on the p 
show how they may be found for other places, and for other 


| proceeds to 


- times of the day. To this the first requisite is to know the dimensions 
i of the earth. 
: => 59. Twice eight hundred yojanas are the diameter of the 


s earth : the square root of ten times the square of that is the earth's 
* circumference. 

= 60. This, multiplied by the sine of the co-latitude 
and divided by radius (trijivd), is the 
corrected (sphuta) circumference of the earth at that place.... 








| There is the same difficulty in the way of ascertaining the exactness 

£ the earth as of the Greek; the uncer- 
loyed. The yojana is 
h a certain 





‘* bow-lengths,"’ or danda, 
' By its origin, the latter 
ought not to vary far from eighteen inches; but the higher measures 
differ greatly in their relation to it. The usual reckoning makes the 
| yojana equal 32,000 cubits, but it is also sometimes regarded as com- 
— posed of 1 ,000 cubits ; and it is accordingly estimated by different authori- 
M drum four and a halt to rather more than ten miles English. This 
‘tainty is no merely modern condition of things: Hiuen-Thsang, 
monk who visited India in the middle of the seventh cen- 
report: ; (see Stanislas Julien's Mémoires de Hiouen-Thsang, i. 59, 
at in ne ia '' according to ancient tradition a yojana equals forty 
maining to. h customary use of the Indian kingdoms, it is thirty 
ina mentioned in the sacred books contains only sixteen 
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li; this smallest yojana, according to the value of the li given by Wil- 
liams (Middle Kingdom, ii. 154), being equal to from five to six English 
miles. At the same time, Hiuen-Thsang states the subdivisions of the 
yojana in a manner to make it consist of only 16,000 cubits. Such 
being the condition of things, it is clearly impossible to appreciate the 
value of the Hindu estimate of the earth's dimensions, or to determine 
how far the disagreement of the different astronomers on this point may 
be owing to the difference of their standards of measurement. Arya- 
bhatta (see Colebrooke's Hind. Alg. p. xxxviii; Essays, ii. 468) states the 
earth's diameter to be 1050 yojanas; Bhaskara (Siddh.-Cir. vii. 1) gives 
it as 1581: the latter author, in his Lilavati (i. 5, 6), makes the yojana 
consist of 32,000 cubits.. 

The ratio of the diameter to the circumference of a circle is here 
made to be 1:4/10, or 1: 3,1625, which is no very near approximation. 
It is not a little surprising to find this determination in the same treatise 
with the much more accurate one afforded by the table of sines given in 
the next chapter (vv. 17-21), of 3438:10,8000, or 1:3.14136; and then 
farther, to find the former, and not the latter, made use of in calculating 
the dimensions of the planetary orbits (see below, xii. 83). But the 
same inconsistency is found also in other astronomical and mathematical 
authorities. Thus Aryabhatta (see Colebrooke, as above) calculates the 
earth's circumference from its diameter by the ratio 7:22, or 1:3.14286, 
but makes the ratio 1: ~ 10 the basis of his table of sines, and Brahma- 
gupta and Cridbara also adopt the latter. Bhaskara, in stating the 
earth's circumference at 4967 yojanas, is very near the truth, since 
1581:4967::1:3.14168: his  Lilàvati (v. 201) gives 7:22, and also, 
as more exact, 1250:3927, or 1:3.1416. ‘This subject will be reverted 
to in connection with the table of sines. 

The greatest circumference of the earth, as calculated according to 
the data and method of the text, is 5059.556 yojanas. The astronomical 
yojana must be regarded ag an independent standard of measurement, 
by which to estimate the value of the other dimensions of the solar 
system stated in this treatise. To make the earth's mean diameter cor- 
rect as determined by the Sürya-Siddbánts, the yojana should equal 
4.94 English miles; to make the circumference correct, it should equal 
4.91 miles. ` 

The rule for finding the circumference of the earth upon n parallel of 
latitude is founded upon a simple proportion, viz., rad.: cos. latitude: : 
circ. of earth at equater : do. at the given parallel; the cosine of the 
latitude being, in effect, the radius of the circle of latitude. Radius and 
cosine of latitude are tabular numbers, derived from the table to be given 
afterward (see below, ii. 17-21). ‘This treatise is not accustomed to employ 
cosines directly in its calculations, but has special names for the com- 
plements of the different arcs which it has occasion to use. Terrestrial 
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latitude is styled aksha, ` axle,” which term, as appears from xú. 42, is 
employed elliptically for akshonnati,'' elevation of the axle,” i.e. z of the 
pole :'' lamba, co-latitude, which properly signifies '' lagging, dependence 
falling off," is accordingly the depression of the pole, or its distance from 
a zenith. Directions for finding the co-latitude are given below (iii. 13, 
; The latitude of Washington being 38°54’, the sine of ite co-latitude 
is 2075'; the proportion 3438:2675: :5059.604-30930.75 gives us, then, 
the earth's circumference at Washington as 3936.75 yojanas. 


; 60....Multiply the daily motion of a planet by the distance 
in longitude (deçántara) of any place, and divide by its corrected 
circumference; 

61. The quotient, in minutes, subtract from the mean 
position of the planet as found, if the place be east of the prime 
meridian (rekhd) ; add, if it be west ; the result is the planet's mean 
position at the given place. 


The rules previously stated have ascertained the mean places of the 
planets at a given midnight upon the prime meridian; this teaches us 
how to find them for the same midnight upon any other meridian, or, 
how to correct for difference of longitude the mean places already found. 
The proportion is: as the circumference of the earth at the latitude of 
the point of observation is to the part of it intercepted between that 
point and the prime meridian, so is the whole daily motion of each 
planet to the amount of its motion during the time between midnight 
on the one meridian and on the other. The distance in longitude 
(degántara, literally “° difference of region '') is estimated, it wil be ob- 
served, neither in time nor in arc, but in yojanas. How it is ascertained 

is taught below, in verses 63-65. 

The geographical position of the prime meridian 

'' line '') is next stated. 


62. Situated upon the line which passes through the 
haunt of the demons (rákshasa) and the mountain which is the 
seat of the gods, are Rohitaka and Avanti, as also the adjacent 


(rekhd, literally 








'" ja Lanka, the fabled seat of Ravana, the 
whom of Ráma s wife, with 


The '' haunt of the demons 


— chief of the Rákshnsas, the abduction by 
the expedition to Lanka of her heroic husband for her rescue, its accom- 
pl hm ent, and the destruction of Ravana and his people, form the 

1 bject of the epic poem called the Ramayana. In that poem, and to 





ion of the Hindus, Lanka is the island Ceylon; in 
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—— the astronomical geography, however (see below, xii. 39), it is a city, 


nec Situated upon the equator. How far those who established the meridian 

may have regarded the actual position of Ceylon as identical with that 
assigned to Lanká might not be easy to determine. The ‘‘ seat of the 
gods '" is Mount Meru, situated at the north pole (see below, xii. 34, etc.). 
The meridian is usually styled that of Lanká, and ''at Lankå '' is the 
ordinary phrase made use of in this trentise (as, for instance, above, v. 
50; below, iii. 43) to designate n situation either of no longitude or of 
no latitude. 

But the circumstance which actually fixes the position of the prime 
meridian is the situation of the city of Ujjayini, the Om, of the Greeks, 
the modern Ojein. It is called in the text by one of its anciont names, 
Avanti. It is the capital of the rich and populous province of Maüálava, 
occupying the plateau of the Vindhya mountains just north of the 
principal ridge and of the river Narmadá  (Nerbudda), and from old 
time a chief seat of Hindu literature, science, and arts. Of all the 
centres of Hindu culture, it lay nearest to the great ocean-route by which, 
during the first three centuries of our era, so important a commerce was 
carried on between Alexandria, as the mart of Rome, and India and the 
countries lying still farther east. That the prime meridian was made 
to pass through this city proves it to have been the cradle of the Hindu 
science of astronomy, or its principal seat during its early history. Its 
actual situation is stated by Warren (Kala Sankalita, p. 9) as lat. 23° 
1l’ 30” N., long. 75° 53’ E. from Greenwich: a later authority, Thorn- 
ton's Gazetteer of India (London: 1857), makes it to be in lat. 23° 10 N,. 
long. 75° 47! E.; in our farther calculations, we shall assume the latter 
position to be the correct one. 

The situation of Rohitaka is not so clear; we have not succeeded in 
finding such a place mentioned in any work on the ancient geography of 
India to which we have access, nor is it to be traced upon Lassen's map 
of ancient India. A city called Rohtuk, however, is mentioned by Thornton 
(Gazetteer, p. 836), as the chief place of a modern British district of the 
same name, and its situation, a little to the north-west of Delhi, in the 
midst of the ancient Kurukshetra, leads us to regard it as identical with the 
Rohitaka of the text. ‘That the meridian of Lanká was expressly recog- 
nized ns passing over the Kurukshetra, the memorable site of the great 
battle described by the Mahabharata, seems clear. Bháskara (Siddh.-Cir., 
Gan., vii. 2) describes i£ as follows: '' the line which, passing above Lanka 
and Ujjayini, and touching the region of the Kurukshetra, etc., goes 
through Meru—that line is by the wise regarded as the central meridian 


(madhyarckhd) of the earth." Our own commentary also explains 


sannihitam. sarah, which we have translated '' adjacent lake,'' as signifyin c 
Kurukshetra. Warren (as above) takes the same expression to be the — 
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the word saras-ean properly be applied to a tract of country: we have 
— therefore thought it safest to translate literally the words of the text, con- 
fessing that we do not know to what they refer. 
If Rohitaka and Rohtuk signify the same place, we have here a 
measure of the accuracy of the Hindu determinations of longitude; Thornton 
"e gives its longitude ns 76° 38'; or 51’ to the east of Ujjayini, 
| The method by which an observer is to determine his distance from 
the prime meridian is next explained 


63. When, in a total eclipse of the moon, the emergence 
(unmilana) takes place after the calculated time for its occurrence, 
then the place of the observer is to the east of the central meridian. 

64. When it takes place before the calculated time, his place 
is to the west: the same thing may be ascertained likewise from 
the immersion (nimilana). Multiply by the difference of the two 
times in nádis the corrected cireumference of the earth at the 
place of observation. 

65. ‘And divide by sixty, the result, in yojanas, indicates 
the distance of the observer from the meridian, to the east or to 
the west, upon his own parallel ; and by means of that is made the 
correction for difference of longitude. 


| Choice is made, of course, of ^ lunar eclipse, and not of a solar, for 
the purpose of the determination of longitude, because its phenomena, 


cw being unaffected by parallax, are seen everywhere at the same instant of 
| — —  sbsolute time; and the moments of total disappearance and first. reappenr- 
— ance of the moon in à total eclipse are farther selected, because the precise 


PAE instant of their occurrence 15 observable with more accuracy than that of 
the first and last contact of the moon with the shadow. For the explana- 
tion of the terms here used see the chapters upon eclipses (below, iv-vi). 
The interval between the computed and observed time being nscer- 
da —— tained, the distance in longitude (deçámtara) is found by the simple propor- 
| Es tion: as the whole number of nádis in a day (sixty) is to the interval of 
— — time in nádis, so is the circumference of the earth nt the latitude of the 
5 point of observation to the distance of that point from the prime meridian, 


| xl on the parallel. Thus, for instance, the distance of Ujjavini from 
WA : from 
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|N ich. in time, being 5b Sm 6s, and that of Washington 
Greenwich 5h 8m lls (Am. Naut. Almanne), that of Ujjavini from 
Washington is 10h 11m 19, or, in Hindu time 25n 28v IP.8, or 25n.4718: 
MU thal proportion 00:954718::909675:107126, ve DEP 
471.28 yojanas as the distance in longitude (deçántara) of Washington 
he Hi idu meridian, the constant quantity to be employed in finding 
vean places of the planets at Washington, 
; —— e. 
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We might have expected that calculators so expert as the Hindus 
would employ the interval of time directly in making the correction for 
difference of longitude, instead of reducing it first to its value in yojanas. 
That they did not mensure longitude in our manner, in degrees, etc., is 
owing to the fact that they seem never to have thought of applying to the 
globe of the earth the system of measurement by circles and divisions of 
circles which they used for the sphere of the heavens, but, even when 
dividing the earth into zones (see below, xii. 59-66) reduced all their dis- 
tances laboriously to yojanas. 


66. "The succession of the week-day (vára) takes place, to 
the east of the meridian, at a time after midnight equal to the 
difference of longitude in nâdîs ; to the west of the meridian, at a 
corresponding time before midnight. 


This verse appears to us to be an astrological precept, asserting the 
regency of the sun and the other planets, in their order, over the successive 
portions of time assigned to each, to begin everywhere nt the same instant 
of nbsolute time. that of their true commencement upon the prime 
meridian: so that, for instance, nt Washington, Sunday, as the day placed 
under the guardianship of the sun, would really begin at eleven minutes 
before two on Saturday afternoon, by local time. The commentator, how- 
ever, sees in it merely an intimation of whnt moment of local time, in 
places east and west of the meridian, corresponds to the true beginning of 
the day upon the prime meridian, and he is at much pains to defend the 
verge from the charge of being superfluous and unnecessary, to which it is 
indeed liable, if that be its only meaning. 

The rules thus far given have directed us only how to find the mean 
places of the planets at a given midnight. The following verse teaches 
the method of ascertaining their position at any required hour of the day. 


67. Multiply the mean daily motion of a planet by the num- 
ber of nádis of the time fixed upon, and divide by sixty : subtract 
the quotient from the place of the planet, if the time be before 
midnight ; add, if it be after : the result is its place at the given 
time. 

oporti ! in n day (sixty) 

The proportion is as follows: as the number of nádis in ñ (sixty 
is to * iat the interval between midnight and the time for which the 
mean place of the planet is sought, so is the whole daily motion of the 
planet to ita motion during the interval; and the result is ndditive or 
“nsspas, of course according as the time fixed upon is after or before 
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` an ` In order to furnish a practical test of the accuracy of this text-book 
— astronomy, and of its ability to yield correct results at the present time, 
e we have caleulated, by the rule given in this verse, the mean longitudes of 
^ ^ pue planets for a time after midnight of the first of January, 1860, on the 
"y fex eridian of Ujjayini, which is equal to the distance in time of the meridian 
Ero Washington, viz., 25n 28v 1p.8, or 04.42453; and we present the results 
I im the annexed table. The longitudes are given as reckoned from the vernal 
* equinox of that date, which we make to be distant 18° 5' 87.25 from the 
p» point established by the Sürya-Siddhánta as the beginning of the Hindu 
 sidereal sphere; this is (see below, chap. viii) 10 east of ¢ Piscium, We 
have ascertained the mean places both as determined by the text of our 
‘Siddhanta, and by the same with the correction of the bija. Added are 
the actual mean places at the time designated : those of the primary planets 
have been found from Le Verrier's elements, presented in Biot's treatise, 
as cited above;* those of the moon, and of her apsis and node, were kindly 
‘furnished us from the office of the American Nautical Almanac, at Cam- 


de bridge. 


od 


Mean Longitudes of the Planets, Jan. 1st, 1860, midnight, at Washington. 














ut Xu. * 
es p According to Sürya-Siddhánta : According to 
> Planet. text. with bfja. moderns. 
Be 
* ' = | 5 # ^ > e at o , “ 
ANAR Sun, 96 18 2l 96 18 21 100 5 6 | 
Mercury, 155 2 30 148 39 151 28 20 
Mau. Venus, a39 64 55 334 57 18 836 13 36 | 
Mars, 192 36 5 192 36 5 197 96 32 | 
- | . Jupiter, 104 7 23 100 48 56 103 35 17 
y turn, 128 17 11 133 14 49 137 10 10 | 
“A QY $4 oon, 9 4 9 9 4 9 13 41 323 
om Ts ee | 203» spats, $27 50 24 326 11 11 926 47 35 | 
CINE Uc ^» Dodë, 312 61 310 50 38 312 48 10 
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PUE ITI In the next following table is further given a v 
“y. 5i u determinations—both the absolute errors, as compared with the 


' actua mean place of each planet, and the relative, as compared with the 
the Hindu astronomical systems 


(P a se of the sun, to which it is the aim of 
1o adapt the elements of the other planets. Annexed to each error 15 
the approximate date at which it was nothing, or at which it will hereafter 

disappear, ascertained by dividing the amount of present error by the 
preser t year y loss or gain, absolute or relative, of each planet; excepting 
in the case of the moon, where we have made allowance, according to the 


We v yul 1 warn our readers, however of a serious error of the press in the 
giver b; Bist; ae the yearly motion of the earth, rend 1,295,971.38, instead 
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formula used by the American Nautical Almanac, for the acceleration of 
. her motion. 


Errors of the Mean Longitudes of the Planets, as calculated according to 
the Sürga-Siddhánta. 








Errors according to text : e same, with bija : 


Planet. sbeotute| | wh 
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Sun, —3 46 45 250 


0 0 0 6 o | — 
Mercury, +3 34 10 2332 |+7 20 55 | ' 
Venus, +3 4119 1222 |+7 28 
Mars, =á 50 27 886 |—1 3 42 
Jupiter, +0 32 5) 1571 |-*4 18 50| 
Suturn, —8 52 50 666 |—5 6 l4 
Moon, —3 37 14 115 |+0 931 


s, apsis,|+1 24 1670 4 49 34 


1252 |—0 36 24| 1969 |+3 10 21) 1459 ` 
"T node, = 18 19 1976 +3 25 26, 


1162 |—1 57 92! 9714 |41 4913) 1468 

To complete the view of the planetary motions, and the statement 
of the elements requisite for ascertaining their position in the sky, it only 
remains to give the movement in latitude of each, its deviation from the 


general planetary path of the ecliptic. This is done in the concluding ver- 
ses of the chapter. 


© 


68. The moon is, by its node, caused to deviate from the 
limit of its declination (Kránti), northward and southward, to a 


distance, when greatest, of an eightieth part of the minutes of a 
circle; 


69. Jüpiter, to the ninth part of that multiplied by two; 
Mars, to the same amount multiplied by three; Mercury, Venus, 


and Saturn are by their nodes caused to deviate to the same amount 
multiplied by four. 


70. So also, twenty-seven, nine, twelve, six, twelve, and 
twelve, multiplied respectively by ten, give the number of minutes | 


of mean latitude (vikshepa) of the moon and the rest, in their t- 
order. 


The deviation of the planets from the plane of the ecliptic is here 
stated in two different ways, which give, however, the same results; thus: 2 





Moon, 21600 =270 or 927 *10=270'=4° 30" 





Mars, P x3= 90 or Y x10— 90’ =1° 30 
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Mercury, 0 x 4-120 or 12° x 10=120'=2 
Jupiter, s x2= 60 or 6 x10 600 =1 
Venus, SU x4-190 or 1210-129 =: 
Baturn, ao x 4 = 120 or 12” * 10 120 = 2” 


The subject of the latitude of the planets is completed in verses 6-8, 
and verse 57, of the following chapter; the former passage describes the man- 
ner, and indicates the direction, in which the node produces its disturbing 
effect; the latter gives the rule for calculating the apparent latitude of a 
planet at any point in its revolution. 


f There is a little discrepancy between the two specifications presented 
in these verses, as regards the description of the quantities specified: the 
one states them to be the amounts of greatest (parama) deviation from the 
ecliptic; the other, of mean (madhya) deviation. Both descriptions are 
also somewhat inaccurate. The first is correct only with reference to the 
moon, and the two terms require to be combined, in order to be made appli- 
cable to the other planets. The moon has its greatest latitude at 90° from 
its node, and this latitude is obviously equal to the inclination of its orbit 
to the ecliptic ; for although its absolute distance from the ecliptic at this 
point of its course varies, as does its distance from the earth, on account of 
the eccentricity of its orbit, and the varying relation of the line of its apsides 

— to that of its nodes, its angular distance remains unchanged. So, to an ob- 
server stationed at the sun, the greatest latitude of any one of the primary 
planets would be the same in its successive revolutions from node to node, 
and equal to the inclination of its orbit. But its greatest Jatitude as seen from 
the earth is very different in different revolutions, both on account of the 
difference of its absolute distance from the ecliptic when at the point of 
greatest removal from it in the two halves of its orbit, and, much more, on 
account of ite varying distance from the earth. The former of these two 

— causes of variation was not recognized by the Hindus: in this treatise, at 


| . least, the distance of the node from the apsis (mandocca) is not introduced 


@ 


as an element into the process for determining a planet's latitude. The other 
agi T cause of variation is duly allowed for (see below, ii. 57). Its effect, in 
— — the case of the three superior planets, is to make their greatest latitude 
"sor 1e imes greater, and sometimes less, than the inclination of their orbits, 


] | accorc ing as the planet ia nearer to us than to the sun, or the contrary ; 
—— hence the values given in the text for Mars, Jupiter, and Saturn, as they 
represent the mean apparent values, as latitude, of the greatest distance of 
x ach planet from the ecliptic, should nearly equal the inclination. In the 
case of Mercu ry and Venus, also, the quantities stated are the mean oí 
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the different apparent values of the greatest heliocentric latitude, but this 
mean is of course less, and for Mercury very much less, than the inclination. 
Ptolemy, in the elaborate discussion of the theory of the latitude contained 
in the thirteenth book of his Syntaxis, has deduced the actual inclination 
of the orbits of the two inferior planets: this the Hindus do not seem to 
have attempted. 

We present below a comparative table of the inclinations of the orbits 
of the planets as determined by Ptolemy and by modern astronomers, with 
those of the Hindus, so far as given directly by the Sürya-Siddhánta. 


Inclination of the Orbits of the Planets, according to Different Authorities. 


| Planet. 





' 
Mercury, | ddo i9 de es | 7 7 0 8 
Venus, anms 3 30 3 398 31 
Mars, 1 30 1 L. "al 5 
Jupiter, 1 1 30 1 18 40 
Saturn, 2 2 30 2 399 28 
Moon, 4 a0 Š 5 8 40 


The verb in verses 68 and 69, which we have translated '' caused to 
deviate,’ is vi kshipyate, literally ** is hurled away," disjicitur; from it is 
derived the term used in this treatise to signify celestial latitude, vikshepa, 
** disjection.'" The Hindus measure the latitude, however, as we shall 
have occasion to notice more particularly hereafter, upon a circle of declina- 
tion, and not upon a secondary to the ecliptic. Im the words chosen to 
designate it is seen the influence of the theory of the node's action, as 
stated in the first verses of the next chapter. The forcible removal is 
from the point of declination (kránti, ''gait,'" or apakrama, ''withdrawal,'' 
i.&., from the celestial equator) which the planet ought at the time to 
occupy. — 


The title given to this first chapter (adhikára, '' subject, heading '') 
is madhyamádhikára, which we have represented in the title by '' mean 
motions of the planets,’’ although it would be more accurately rendered by 
"^ mean places of the planets;'’ that is to say, the data and methods 
requisite for ascertaining their mean places. Now follows the spashtd- 
dhikára, ‘* chapter of the true, or corrected, places of the planets.'' 
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PO CHAPTER II. 

h. Or THE ‘TRUE PLACES OF THE PLANETS. 
> rian ` 


"wor  CoxTENTS :—1-3, causes of the irregularities of the planetary motions; 4-5, disturbing in- 
A. fluence of the apsis and conjunction; 6-8, of the node; 9.11, different degree of 
irregularity of the motion of the different planets; 12-13, different kinds of planetary 
| motion; 14, purpose of this chapter; 15-16, rule for constructing the table of sines; 
17-22, table of sines; 22-27, table of versed sines; 28, inclination of the ecliptic, and 

rule for finding the declination of any point in it; 29-30, to find the sine and cosine of 


d the anomaly; 31-32, to find, by interpolation, the sine or versed sine corresponding 
ra 2 to any given arc; 33, to find, in like manner, the arc corresponding to a given sine 
— or versed sine; 34-37, dimensions of the epicycles of. the planeta; 38, to find the 
"T dem. u dimensions of the epicycle at any point in the orbit; 3⁄9, to find the equation of 


PS the apsis, or of the centre; 40-42, to find the equation of the conjunction, or the 
l'a? annual equation; 43-45, application of these equations in finding the true places of 
| the different planets; 46, correction of the place of a planet for difference between 
: mean and apparent solar time: 47-49, how to correct the daily motion of the planets 
* for the effect of the apsis; 50-51, the same for that of the conjunction; 51-55, re- 
trogradation of the lesser planets; 56, correction of the place of the node; 57-58, 
* to find the celestial latitude of a planet, and its declination as affected by latitude; 
e 59, to find the length of the day of any planet; 60, to find the radius of the 
Ñ diurnal cirele; 61-63, to find the day-sine, and the respective length of the day and 
night; 64, to find the number of aasterisms traversed by a planet, and of days 
elapsed, since the commencement ef the current revolution; 65, to find the yoga; 
66, to find the current lunar day, and the time in it of a given instant; 67-69, of 
the divisions of the lunar month called karana. 










1. Forms of Time, of invisible shape, stationed in the 
ac (bhagana), called the conjunction (çighrocca), apsis (man- 
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ca), and node (páta), are causes of the motion of the planets. 
^ 9. The planets, attached to these beings by cords of air, 
ward 
















A — are drawn away by them, with the right and left hand, for 
—  — eor backward, according to nearness, toward their own place. 
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| — 8. A wind, moreover, called provector (pravaha) impels 
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awn away forward 


à hem toward their own apices (ucca); being dr 
and backward, they proceed by à varying motion. 
Sy" "The so-called apex (ucca), when in the half-orbit in 


CN 
fron of the planet, draws the planet forward; in like manner, 
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w jen án the half-orbit behind the planet, it draws 1t backward. 
nnl: . When the planets, drawn away by their apices (ucca), 


move. 'Orw: ard in their orbits, the amount of the motion so caused 
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D * aly lea their excess PAS when Tan move EL w 
Ti Ba called their deficiency (rna). 


a E In these verses is laid before us the Hindu theory of the general 
a nnture of the forces which produce the irregularities of the apparent motions, 

regarded as being the real motions, of the planets. The world-wide difference 
between the spirit of the Hindu astronomy and that of the Greek is not 
less apparent here than in the manner of presentation of the elements in 
the last chapter: the one is purely scientific, devising methods for represent- 
ing and caleulating the observed motions, and attempting nothing farther; 
the other is not content without fabricating a fantastic and absurd theory 
respecting the superhuman powers which occasion the movements with 
which it is dealing. The Hindu method has this convenient peculiarity, 
that it absolves from all necessity of adapting the disturbing forces to one 
another, and making them form one consistent system, capable of geometri- 
cal representation and mathematical demonstration; it regards the planets 
as actually moving in circular orbits, and the whole apparatus of epicycles 
given later in the chapter, as only a devise for estimating the amount of 
the force, and of its resulting motion, exerted at any given point by the 
disturbing cause. 


The commentator gives two different explanations of the provector 
wind, spoken of in the third verse: one, that it is the general current, 
mentioned below, in xii. 73, as impelling the whole firmanent of stars, and 
which, though itself moving “westward, drives the planets, in some un- 
explained way, towards its own apex of motion, in the east; the other, 
‘that a separate vortex for each planet, called provector on account of its 
analogy with that general current, although not moving in the same direc- 
tion, carries them around in their orbits from west to east, leaving only 
the irregularities of their motion to be produced by the disturbing forces. 
This latter we regard as the proper meaning of the text: neither is very 
consistent with the theory of the lagging behind of the planets, given 
above, in i. 25, 26, as the explanation of their apparent castward motion. 
The commentary also states more explicitly the method of production of 


the disturbance: a cord of air, equal in length to the orbit of each planet - 


less the disk of the latter itself, is attached to the extremities of its diameter, 
and passes through the two hands of the being stationed nt the point. * 
disturbance; and he always draws it toward himself by the shorter of 
two parts of the cord. The term ucca, which we have translated *’ spew," | 
applies both to the apsis (manda, mandocca, '* apex of slowest motion. — 
the apogee in the case of the sun and moon, the aphelion, though | not 
recognized as such, in the case of the other planets), and to the conj 
(gighra, cighrocea, ** apex of swiftest motion ''). The statement. made of 
| e like effeet of the two upon the motion of the planet is liable to cause 
4 = difficulty, if it be not distinctly kept in mind that the ‘Hindus | understa 
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by the influence of the disturbing cause, not £s acceleration and retardation 








of the rate of the planet's motion, but its effect in giving to the planet 
a position in advance of, or behind, its mean place. It may be well, for 
the sake of siding scme of our readers to form a clearer apprehension wt 
the Hindu view of the planetary motions, to expand and illustrate a little 
this statement of the effect upon them of the two principal disturbing 
forces. 

First, as regards the apsis. This is the remoter extremity of the 
major axis of the planet's proper orbit, and the point of its slowest motion. 
Upon passing this point, the planet begins to fall behind its mean place, 
but at the same time to gain velocity, so that at the quadrature it is 
farthest behind, but is moving at its mean rate ; during the next quadrant 
it gains both in rate of motion and in place, until at the perigee, or peri- 
helion, it is moving most rapidly, and has made up what it before lost, &o 
that the mean and true places coincide. Upon passing that point again, 
it gains upon its mean place during the first quadrant, and loses what it thus 
gained during the second, until mean and true place again coincide at the 
apsis. Thus the equation of motion is greatest at the apsides, and nothing 
at the quadratures, while the equation of place is greatest at the 
quadratures, and -nothing at the apsides; and thus the planet is 
always behind its mean place while passing from the higher to the lower 
apsis, and always in advance of it while passing from the lower to the 
higher; that is, it is constantly drawn away from its mean place toward 
the higher apsis, mandocca. 

In treating of the effect of the conjunction, the cighrocca, we have to; 
distinguish two kinds of cases. With Mercury and Venus (see above, 
i. 20, 31, 32), the revolution of the conjunction takes the place, in the 


- Hindu system as in the Greek, of that of the planet itself, the conjunction 
being regarded as making the circuit of the zodiac in the same time, and 


in the same direction, as the planet really revolves about the sun; while 
the mean place of these planets is always that of the sun itself. While, 
therefore, the conjunction is making the half-tour of the heavens eastward 


irom the sun, the planet is making its eastward elongation and returning 


to the sun again, being all the time in advance of its mean place, the sun; 
unction reaches n point in the heavens opposite to the sun, 
its inferior conjunction, or at its mean place; during the 


1 other half of the revolution of the conjunction, when it is nearest the planet 


on or is behind its mean place. Accordingly as stated in the text, the 
Janet is constantly drawn away from its mean place, the sun, toward that 


* d e of the heavens in which the conjunction 1s. 





"^ J Once more, as concerns the superior planets. The revolutions as- 
signed to these by the Hindus are their true revolutions ; their mean places 
ire sir mean heliocentric longitudes ; and the place of the conjunction 
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(gighrocea) of each is the mean place of the sun. Since they move but 
slowly, as compared with the sun, it is their conjunction which approaches, 
overtakes, and passes them, and not they the conjunction. Their time of 
slowest motion is when in opposition with the sun; of swiftest, when in 
conjunction with him: from opposition on to conjunction, therefore, or 
while the sun is approaching them from behind, they are, with constantly 
increasing velocity of motion, all the while behind their mean places, or 
drawn away from them in the direction of the sun; but no sooner has the 
sun overtaken and passed them, than they, leaving with their most rapid 
motion the point of coincidence between mean and true place, are at once 
in advance, and continue to be so until opposition is reached again; that 
is to say, they are still drawn away from their mean place in the direction 
of the conjunction. 


The words used in verse 5 for '' excess ' and '' deficiency,'' or for 


additive and subtractive equation, mean literally '' wealth ° (dhana) and 
" debt " (rna). 


6. In like manner, also, the node, Ráhu, by its proper 
force, causes the deviation in latitude (vikshepa) of the moon and 
the other planets, northward and southward, from their point of 
declination (apakrama). 


7. When in the half-orbit behind the planet, the node 
causes it to deviate northward: when in the half-orbit in front, it 


,draws it away southward. 


8. In the case of Mercury and Venus, however, when the 
node is thus situated with regard to the conjunction (¢ighra), these 
two planets are caused to deviate in latitude, in the manner 
stated, by the attraction exercised by the node upon the conjunc- 
tion. } 


The name Ráhu, by which the ascending node is here designated, is 
properly mythological, and belongs to the monster in the heavens, which, 
by the ancient Hindus, as by more than one other people, was believed 
to occasion the eclipses of the sun and moon by attempting to devour 
them. The word which we have translated '' force ” is ranhas, more 
properly '' rapidity, violent motion:'' in employing it here, the text evi- 
dently intends to suggest an etymology for ráhu, ns coming from the root 
rah or ranh, ''to rush on ": with this same root Weber (Ind. Stud. i. 
272) has connected the group of words in which ráhu seems to belong. 
For the Hindu fable respecting Ráhu, see Wilson's Vishnu Purina, p. 78. 
The moon's descending node was also personified in a similar way, under 
the name of Ketu, but to thie no reference ie made jn the present treatise. 
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te O 
g T 37 The description of the effect of the node upon the movement of the 
"Eh - planet is to be understood, in a manner analogous with that of the effect 
DW of | he apices in the next preceding passage, as referring to the direction 
| n in which the planet is made to deviate from the ecliptic, and not to that 
x: “in which it is moving with reference to the ecliptic. From the ascending 
i — node around to the descending, of course, or while the node is nearest to 
| the planet from behind, the latitude is northern; in the other half of the 
. revolution it is southern. 
ag Ru For an explanation of some of the terms used here, see the note to the 
last passage of the preceding chapter. 
s  -. As, in the ease of Mercury and Venus, the revolution of the conjunc- 
— tion takes the place of that of the planet itself in its orbit, it is necessary, 
d in order to give the node its proper effect, that it be made to exercise 
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Las its influence upon the planet through the conjunction. The commen- 
stator gives himself here not a little trouble, in the attempt to show why 
— — Mercury and Venus should in this respect constitute an exception to the 


general rule, but without being able to make out a very plausible case. 









* ^ 9. | Owing to the greatness of its orb, the sun is drawn away 
only a very little; the moon, by reason of the smallness of its orb, 


ü < 
| e 


Ne" cn EO. Mars and the rest, on account of their small size, are, 
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x | ence the excess (dhana) and deficiency (rna) of these 
r is very great, according to their rate of motion. Thus do 


' | c quire nents of the sense than the better-supported rendering 
** en d to move with exceeding velocity.” In so doing, we have assumed 


that | he n Jun vega, of which the word in question is a denominative, re- 
IP ike aë tha m '* from 
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242... The notion of the planets 1s of eight kinds : retrograde 
(wakra), somewhat retrograde (anuvakra), transverse (kutila). 
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slow (manda), very slow (mandatara) , even (sama); also, very 
swift (cighratara), and swift (cighra). 


13. Of these, the very swift (aticighra), that called swift, 
the slow, the very slow, the even—all these five are forms of the 
motion called direct (rju); the somewhat retrograde is retrograde. 


This minute classification of the phases of a planet's motion is quite 
gratuitous, so far as this Siddhánta is concerned, for the terms here given 
do not once occur afterward in the text, with the single exception of 
vakra, which, with its derivatives, is in not infrequent use to designate 
retrogradation. Nor does the commentary take the trouble to explain 
the precise differences of the kinds of motion specified. According to 
Mr. Hoisington (Oriental Astronomer [Tamil and English], Jaffna: 1848, 
p. 183), anuvakra is applied to the motion of a planet, when, in retro- 
grading, it passes into a preceding sign. From the classification given in 
the second of the two verses it will be noticed that kufila is omitted: nc- 
cording to the commentator, it is meant to be included among the forms 
of retrograde motion; we have conjectured, however, that it might possi- 
bly be used to designate the motion of a planet when, being for the 
moment stationary in respect to longitude, and accordingly neither ad- 
vancing nor retrograding, it is changing its latitude; and we have trans- 
lated the word accordingly. 


14. By reason of this and that rate of motion, from day 
to day, the planets thus come to an accordance with their observed 
places (dr¢)—this, their correction (sphutikarana), I shall care- 
fully explain. 


Having now disposed of matters of general theory and preliminary 
explanation, the proper subject of this chapter, the calculation of the true 
(sphuta) from the mean places of the different planets, is rendy to be 
taken up. And the first thing in order is the table of sines, by means of 
which all the after calculations are performed. 


15. The eighth part of the minutes of a sign is called the 
first sine (jyárdha); that, increased by the remainder left after sub- 
tracting from it the quotient arising from dividing it by itself, is 
the second sine. 

16. Thus, dividing the tabular sines in succession by the 
first, and adding to them, in each case, what is left after subtrac- 
ting the quotients from the first, the result is twenty-four tabular 
sines (juárdhapinda), in order, as follows ; 
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17. Two hundred and twenty-five; rour hundred and forty- 
nine; six hundred and seventy-one; eight hundred and ninety, 
eleven hundred and five; thirteen hundred and fifteen; 


18. Fifteen hundred and twenty; seventeen hundred and 
nineteen; nineteen hundred and ten; two thousand and ninety- 


three; on aS 
19. Two thousand two hundred and sixty-seven; two 


thousand four hundred and thirty-one; two thousand five hundred 
and eighty-five; two thousand seven hundred and twenty-eight; 

20. Two thousand eight hundred and fifty-nine; two thou- 
sand nine hundred and seventy-eight; three thousand and eighty- 
four; three thousand one hundred and seventy-seven; 


21. Three thousand two hundred and fifty-six; three thous- 
and three hundred and twenty-one; three thousand three hundred 
and seventy-two; three thousand four hundred and nine; 


92. Three thousand four hundred and thirty-one; three 
thousand four hundred and thirty-eight. Subtracting these, in re- 
versed order, from the half-diameter, gives the tabular versed- 
sines (utkramajyárdhapindaka) : 

23. Seven; twenty-nine; sixty-six; one hundred and seven- 
teen; one hundred and eighty-two; two hundred and sixty-one; 
three hundred and fifty-four; 

94. Four hundred and sixty; five hundred and seventy-nine; 
seven hundred and ten; eight hundred and fifty-three; one 
thousand and seven; eleven hundred and seventy-one; 

25. Thirteen hundred and forty-five; fifteen hundred and 
twenty-eight; seventeen hundred and nineteen; nineteen hund- 
red and eighteen; 

26. Two thousand one hundred and twenty-three; two 
thousand three hundred and thirty-three; two thousand five hun- 
dred and forty-eight; two thousand seven hundred and sixty-seven; 

Br 97. Two thousand nine hundred and eighty-nine; three 
thousand two hundred and thirteen; three thousand four hundred 

= and thirty-eight : these are the versed sines. 

2 ts, We first present, in the following table, in a form eonvenient for refer- 

» ence and use, the Hindu sines and versed sines, with the arcs to which 
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om [Sedes — — both in minutes and in degrees and 
— To facilitate the practical use of the table in making calcula- 
"1 tions after the Hindu method, we have added a column of the differences 
TW. of the sines, and have farther turned the sines themselves into decimal 
| parts of the radius. For the purpose of illustrating. the accuracy of the 
table, we have also annexed the true values of the sines, in minutes, ns 
found by our modern tables. Comparison may also be made of the deci- 
mal column with the corresponding values given in our ordinary tables of 
natural sines. 











x Table oF; Sines and Versed Sines. 
uS i "EN Lae D j Versed 
Arcs, Hindu Sines, True Sines, | 
No. ini ^ | im K | in ' Diff. jin parta of | in — 








‘321408 1105'*03 | 789" 
'889450 131567 + 201' ` 
*442117 1520'*48 | 854' 

*500000 1718" 88 460° 
‘655555 -| 1909'91 

"605784 20927-77 

659895 2260''61 

‘707097 2430''86 

"151894 | 9584'64 

"103484 272735 — 

'R31585 24855''388— 

"B66201 2077°°18— 

*897033 3083'"22— 

*24AGR4 3176 "07 — | 
“047062 3255" 31 — 

"165969 3320''61 

“980803 3371'70 

“991565 3408"°34 — 

“997964 3430°39— 
1-000000 343776 
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The rule by which the sines are, in me text, directed to be found, may 
be illustrated as follows. Let g, &', s", s", a” etc., represent the succes- 
sive sines. The first of the series, a, is assumed to be equal to its are, or 


225', from which quantity, as is shown in the table above, it differs only 
by an amount much smaller than the table takes any account of. Then 
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and so on, through the whole series, any fraction larger than a half being 
counted as one, and a smaller fraction being rejected. In the majority of 
cases, as is made evident by the table, this process yields correct results: 
we have marked in the column of '" true sines '' with a plus or minus sign 
such modern values of the sines as differ by more than half a minute 
from those assigned by the Hindu table. 


It is not to be supposed, however, that the Hindu sines were originally 
obtained by the process described in the text. That process was, in all 
probability, suggested by observing the successive differences in the values 
of the sines as already determined by other methods. Nor is it difficult 
to discover what were those methods; they are indicated by the limita- 
tion of the table to arcs differing from one another by 3° 45', and by 
what we know in general of the trigonometrical methods of the Hindus. 
The two main principles, by the aid of which the greater portion of all 
the Hindu calculations are made, are, on the one hand, the equality of the 
square of the hypothenuse in 4 right-angled triangle to the sum of the 
squares of the other two aides, and, on the other hand, the proportional 
relation of the corresponding parts of similar triangles. "The first of these 
principles gave the Hindus the sine of the eomplement of any are of 
which the sine was already known, it being equal to the square root of 
the difference between the squares of radius and of the given sine. ‘This 
led farther to the rule for finding the versed sine, which is given above in 
the text: it was plainly equal to the difference between the sine comple- 
ment and radius. Again, the comparison of similar triangles showed that 

— the chord of an arc was a mean proportional between its versed sine and 
the diameter; and this led to a method of finding the sine of half any 
arc of which the sine was known: it was equal to half the square root 
of the product of the diameter into the versed sine. That the Hindus 
had deduced this last rule does not directly appear from the text of this 
Siddhianta, nor from the commentary of Ranganatha, which is the one 

s given by our manuseript and by the published edition; but it 1s distinctly 

stated in the commentary which Davis had in his hands (As. Res. ii. 247); 

and it might be confidently assumed to be known upon the evidence of 
the table itself; for the principles and rules which we have here stated 
would give a table just such as the one here constructed. The sine 
of 90° was obviously equal to radius, and the sine of 30? to half radius: 

from the first could be found the sines of 45°, 22° 30’, and 11° 15; 

from the latter, those of 15°, 7° 30’, and 3° 45'. The sines thus obtained 

would give those of the complementary ares, or of 86? 15’, 82° 30, 

— —78* 45, 75^, etc. ; and the sine of 75^, again, would give those of 37" 80' 

= and 18° 45’. By continuing the same processes, the table of sines W ould soon 
— be made complete for the twenty-four divisions of the quadrant; but these 

proc 8: as could yield nothing farther, unless by introducing fractions o! 

minutes; which was undesirable, because the symmetry of the table would 
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thus be destroyed, and no corresponding advantage gained; the table 
was already sufficiently extended to furnish, by interpolation, the sines 
intermediate between those given, with all the accuracy which the Hindu 
calculations required. 


If, now, an attempt were made to ascertain a law of progression for 
the series, and to devise an empirical rule by which its members might 
be developed, the one from the other, in order, nothing could be more 
natural than to take the differences of the successive sines, and the differ- 
ences of those differences, as we have given them under the headings ^A’ 
and A” in the annexed table. 


Hindu Sines, with their Firat and Second Differences. 





With these differences before him, an acute observer could hardly fail 
to notice the remarkable fact that the differences of the second order in- 
crease as the sines; and that each, in fact, is about the y}xth part of the 
corresponding sine. Now let the successive sines be represented by 0, s, 
s', 8", g”, 8”” and so on; and let q equal rhs; OF 5 let the first differ- 
ences be d=s—0, d'—s—s, d'—s'—s, d'"-s5"—s", etc. The second 
differences will be: —sq-d'—d, —s'q-—d"—d', —s" qa" — à", etc. These 
last expressions gn. 

T ud ULLA US 
d» -d"-—s"q-asa—aq-—s d —a" q. etc 
Hence, also, 


a' s +d =s +#—aq 
a” =a +d” =g +s aas g 
T "+ d'un a" T a E E 


and so on, according to the rule given in the text. 

That the second differences in the values of the sines were proportional 
to the sines themselves, was probably known to the Hindus only by ob- 
servation. Had their trigonometry sufficed to demonstrate it, they might 
easily have constructed a much more complete and accurate table of sines. 


" 
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We add the demonstration given by Delambre (Histoire de l' Astronomie 

Ancienne, i. 458), from whom the views here expressed have been subs- 
.  tantially taken. 
J Let a be any arc in the series, and put 3° 45'=n. Then sin (a—n). 
sin a, sin (a +n), will be three successive terms in the series: sin a— 
sin (a —n), and sin (a +n)— in a, will be differences of the first order; and 
their difference, sin (a+n)+sin (a—n)— 2 sin a, will be a difference of the 
second order. But this last expression, by virtue of the formula 


i. < k. EL MP. 


R sin (a+n)=sin a cos n+ cos a sin m. reduces to 2 sin a cos n 


+R—2 sin a, or — —1) Sin a. That 1s to say, the 
second difference is equal to the product of the sine of the are a into a 
certain constant quantity, or it varies as the sine. When n equals 3° 45, 
as in the Hindu table, it is easy to show, upon working out the last ex- 
pression by means of the tables, that the constant factor is, as stated by 


Delambre, yyi-s, instead of being ers, as empirically determined by 
the Hindus. 

It deserves to be noticed, that the commentary of Ranganátha recog- 

nizes the dependence of the rule given in the text upon the value of the 

second differences. According to him, however, it is by describing a 

œ circle upon the ground, laying off the arcs, drawing the sines, and deter- 

mining their relations by inspection, that the method is obtained. The 

differences of the sines, he says, will be observed to decrease, while the 

| differences of those differences increase; and it will be noticed that the 

L last second difference is 15' 16" 48". A proportion is then made: if at 

the radius the second difference is of this value, what will it be at any 

| sine? or, taking the first sine as an example, 3488': 15’ 16" 48"::225:l. 

Nothing can be clearer, however, than that this pretended result of 
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: inspeetion is one of calculation merely. It would be utterlv impossible 
a to estimate by the eye the value of a difference with such accuracy, and, 
is were it possible, that difference would be found very considerably removed 


= from the one here given, being actually only about 14/ 45". "The value 
. 1 A5 16" 48" is assumed only in order to make its ratio to the radius 
exactly ~i+- 
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= o The earliest substitution of the sines, in calculation, for the chords, 
t š which were employed by the Greeks, is generally attributed (see Whewell's 


History of the Inductive Sciences, B. III. ch. iv. 8) to the Arab astron- 


omer Albategnius (al-Battáni), who flourished in the latter par of the 
j ninth century of our era. It can hardly admit of question, however, 
| 






| F ir had. already at that time been long employed by the Hindus. 
t sines had a 


— And considering the derivation by the Arabs from India of their svstem 
notation, and of so many of the elements of their mathematica! 
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ne  &eience, it would seem not unlikely that the first hint of this so conveni- 
=_= ent and practical improvement of the methods of calculation may also 
- have come to them from that country. This cannot be asserted, however, 
3 with much confidence, because the substitution of the sines for the chords 
seems so natural and easy; that it may well enough have been hit upon 
independently by the Arabs; it is a matter for astonishment, as remarked 
by Delambre (Histoire de l'Astronomie du Moyen Age, p. 12), that 
Ptolemy himself, who came so near it, should have failed of it. If 
Albategnius got the suggestion from India, he, at any rate, got no more 
than that. His table of sines, much more complete than that of the 
Hindus, was made from Ptolemy's table of chords, by simply halving them. 
The method, too, which in India remained comparatively barren, led to 
valuable developments in the hands of the Arab mathematicians, who 
went on by degrees to form also tables of tangents and co-tangents, secants 
and co-secants; while the Hindus do not seem to have distinctly appreci- 
ated the significance even of the cosine. 

In this passage, the sine is called jyárdha, '' half-chord; ' hereafter, 
however, that term does not once occur, but jyd '' chord "' (literally “ bow- 
string '') is itself employed, ns nre also its synonyms jivá, mdurvikd, to 
denote the sine. "The usage of Albategnius is the same. The sines of the 
table nre called pinda, or juápinda, '' the quantity corresponding to the 
sine." The term used for versed sine, ufkramajyá, means '' inverse-order _ 
sine," the column of versed sines being found by subtracting that of 
sines in inverse order from radius. 





1 1 
fa 


The ratio of the diameter to the circumference involved in the expres- 
sion of the value of radius by 3438' is, as remarked above (under i. 59, 
60), 1:3.14136. The commentator asserts that value to come from the 
ratio 1250:3927, or 1:3.1416, and it is, in fact, the nearest whole num- 
ber to the result given by that ratio. If the ratio were adopted which 
has been stated above (in i. 59), of 1: 4410, the value of radius would be 
only 3415'. It is to be observed with regard to this.latter ratio, thag it 
could not possibly be the direct result of any actual process adopted for 
ascertaining the value of the diameter from that of the circumference, or 
the contrary. It was probably fixed upon by the Hindus because it 
looked and sounded well, and was at the same time a sufficiently near 
approximation to the truth to be applied in cases where exactness was 
neither attainable by their methods, nor of much practical consequence ; 
as in fixing the dimensions of the earth, and of the planetary orbits. 
The n5ture of the system of notation of the Hindus. and their constantly 
recurring extraction of square roots in their trigonometrical processes, 
would cause the suggestion to them, much more naturally than to the 
Greeks, of this artificial ratio, as not far from the truth; and their science 
was just of that character to choose for some uses ñ relation CERE essed in C 
n manner so simple, and of an aspect so syaternatical, even though ien = 





. intersection: then AP is the equinoctia 
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to be inaccurate. We do not regard the ratio in question, although so 
generally adopted among the Hindu astronomers, ns having any higher 
value and significance than this. 

28. The sine of greatest declination is thirteen hundred 


and ninety-seven ; by this multiply any sine, and divide by radius ; 
the arc corresponding to the result is said to be the declination. 


| The greatest declination, that is to say, the inclination of the plane of 
the ecliptic, is here stated to be 24°, 1397’ being the sine of that angle. 
The true inclination in the year 300 of our era, which we may assume 
to have been not far from the time when the Hindu astronomy was 
established, was a little less than 23° 40’, so that the error of the Hindu 
determination was then more than 20’: at present, it is 32' 341". The 
value assigned by Ptolemy (Syntaxis, i) to the inclination was between 
98" 50’ and 23? 52/ 30"; an error, as compared with its true value in 
the time of Hipparchus, of only about 7’. 

The second half of the verse gives, in the usual vague and elliptica. 
language of the treatise, the rule for finding the declination of any given 
point in the ecliptic. We have not in this case supplied the ellipses in 
our translation, because it could not be done succinctly, or without 
introducing an element, that of the precession, which possibly was not 
taken into account when the rule was made. See what is said upon this 
subject under verses 9 and 10 of the next chapter. The '' sine '" employed 
is, of course, the sine of the distance from the vernal equinox, or of the 


longitude as corrected by the precession. 
The annexed figure will explain t 

J demonstration. 
. Let ACE represent à quadrant of the plane of the equatorial, and 
ACG a quadrant of that of the ecliptic, AC being the line of their 
L colure, PE the solstitial, GE, 


or the angle GCE, the inclination of the ecliptic, or the greatest decli- 
nation (paramápakrama, or paramakránti), and GD its sine ( parama- 
I Fig. 1. krüntijyd). Let S be the position 

of the sun, and draw the circle of 
declination PH; SH, or the angle 
SCH, is the declination of the sun 
at that point, and SF the sine 
declination (krdntijy4). From S and 
F draw SB and FB at right angles 
to AG; then SB is the sine of the 
arc AS, or of the sun's longitude. 
But GCD and SBF are similar 
right-angled triangles, having their 
angles at C and B each equal to the 
inclination. Therefore CG: GD: : 


he rule, and the method of its 


of 








T w 


SB: SF; and SF= E. that is, sin decl, e in inel. xsin long. 


. The same result is, by our modern methods, obtained directly from 
the formula in right-angled spherical trigonometry: sin c=sin a sin C; or, 
in the triangle ASH, right-angled at H, sin SH —sin SA sin SAH, 

29. Subtract the longitude of a planet from that of its apsis 
(mandocca); so also, subtract it from that of its conjunction 
(cighra); the remainder is its anomaly (kendra); from that is 
found the quadrant (pada); from this, the base-sine (bhujajyd), 
and likewise that of the perpendicular (koti). 


30. In an odd (vishama) quadrant, the base-sine is taken 


from the part past, the perpendicular from that to come; but in 
an even (yugma) quadrant, the base-sine (báhujyá) is taken from 
the part to come, and the perpendicular-sine from that past. 


The distance of a planet from either of its two apices of motion, or 
centres of disturbance, is called its kendra; according to the comment- 
ary, its distance from the apsis (mandocca) is called mandakendra and 
that from the conjunction (cighrocea) is called çighrakendra: the Sirya 
Siddhánta, however, nowhere has occasion to employ these terms. The 
former of the “two corresponds to what in modern astronomy is called 
the anomaly, the latter to what is known as the commutation. The 
word kendra is not of Sanskrit origin, but is the Greek  x«vrpov; it is a 
circumstance no less significant to meet with a Greek word thus at the 
very foundation of the method of calculating the true place of a planet 
by means of a system of epicycles, than to find one, as noticed above 
(under i. 52), at the base of the theory of planetary regency upon which | 
depend the names and succession of the days of the week. Both 
anomaly and commutation, it will be noticed, are, according to this 


treatise, to be reckoned always forward from the planet to its apsis and. ! 


conjunction respectively; excepting that, in the case of Mercury and 
Venus, owing to the exchange with regard | to those planets of the place 
of the planet itself with that of its conjunction, the commutation is 
really reckoned the other way. "The functions of any arc being the 
same with those of its negative, it makes no difference, of course, 


- Hu 


whether the distance is measured from the planet to the apex (ucca), ra 8 


from the apex to the planet. 

The quantities actually made use of in the calculations which are 
follow are the sine and cosine of the anomaly, or of the conma 
"The terms employed in the text require a little explanation. — Bhi (ja 
means ““ arm; '' it is constantly applied, as are its synonyms báhu. * 
dos, to designate the base of n right-angled - triangle; koti is b ope 
"dar s np AP and, — — ni the perpendi duc a 

% ` Aap Aa 












4 


17 p 


- 


A 


! . 
P 


hs. 





The True Places of the Planets 67 


such a triangle, is conceived of as being the end of the bhuja, or base, 
bent up to an upright position: bhujajyd and kolijyá, then, are literally 
the values, as sines, of the base and perpendicular of a right-angled 
triangle of which the hypotenuse is made radius: owing to the relation 
to one another of the oblique angles of such a triangle, they are re- 
spectively as sine and cosine. We have not been willing to employ 
these latter terms in translating them, because, as before remarked, the 
Hindus do not seem to have conceived of the cosine, the sine of the 
complement, of an arc, as being a function of the arc itself. 


To find the sine and cosine of the planet's distance from either of its 
apices (ucca) is accordingly the 
object of the directions given in 
verse 30 and the latter part of 
the preceding verse. The rule 
itself is only the awkward Hindu 
method of stating the familiar truth 
that the sine and cosine of an are and 
of its supplement are equal. The 

S accompanying figure will, it is be- 
lieved, illustrate the Hindu manner 
of looking at the subject. Let P be 
the place of a planet, and divide its 
orbit into the four quadrants PQ, QR, 
RS, and SP; the first and third of 
these are called the odd (vishama) 
quadrants; the second and fourth, 
the even (yugma) quadrants. Let A, B, C, and D, be four positions of 

the apsis (or of the conjunction); then the ares PA, PQB, PORC, 
PQRSD will be the values of the anomaly in each case. AM, the 
base-sine, or sine of anomaly, when the apsis is in the first quadrant, 1s 
determined by the are AP, the are passed over in reckoning the anom- 
> aly, while AG or EM, the perpendicular-sine, or cosine, is taken from 

— — — the are AQ, the remaining part of the quadrant. The same is true in 

fo arte other odd quadrant, RS; the sine CH, or EL, comes from KC, 

uv E the part of the quadrant between the planet and the apsis; the cosine 
h CL is from its complement. But in the even quadrants, QR and SP, 















i 
— the case is reversed; the sines, BH, or EF, and DM, are determined by 
sh the ares BR and DP, the parts of the quadrant not included in the 
—— — anomaly, and the cosines, BF and KD, or EM, correspond to the other 
* | Äi | portion: of each quadrant respectively. 
| Ng This rocess of finding what portion of any are greater than a quad- 
rar t is 4 | employed in determining its sine, is ordinarily ealled in 
ir aleulations '' taking the bhuja of an arc.” 








31. Divide the " contained in any arc by two hun- 
dred and twenty-five ; the quotient is the number of the preceding 
tabular sine (jyápindaka). Multiply the remainder by the differ- 


ence of the preceding and following tabular sines, and divide by 
two hundred and twenty-five; 


32. The quotient thus obtained add to the tabular sine 
called the preceding; the result is the required sine. The same 
method is prescribed also with respect to the versed sines. 


33. Subtract from any given sine the next less tabular 
sine; multiply the remainder by two hundred and twenty-five, and 
divide by the difference between the next less and next greater 
tabular sines; add the quotient to the product of the serial num- 
ber of the next less sine into two hundred and twenty-five the 
result is the required arc. 


The table of sines and versed sines gives only those belonging to arcs 
which are multiples of 3° 45'; the first two verses of this passage state 
the method of finding, by simple interpolation, the sine or versed sine 
of any intermediate arc; while the third verse gives the rule for the 
contrary process, for converting any given sine or versed sine in the 
same manner into the corresponding arc. 


In illustration of the first rule, let us ascertain thé sine corresponding 
to an arc of 24°, or 1440’. Upon dividing the latter number by 225, 
we obtain the quotient 6, and the remainder 90’. This preliminary step 
is necessary, because the Hindu table is not regarded as containing any 
designation of the arcs to which the sines belong, but as composed 
simply of the sines themselves in their order. The sine corresponding 
to the quotient obtained, or the sixth, is 1315’: the difference between 
it and the next following sine is 205/. Now a proportion is made: if, 
at this point in the quadrant, an addition of 225' to the are causes an 
increase in the sine of 205/, what increase will be caused by an addition 
to the arc of 90': that is to say, 225: 205:: 90:82. Upon adding the 
A. 82'. to the sixth sine, the amount, 1397', is the sine of the given 
arc, as stated in verse 28. “he actual value, it may be remarked, of 
the sine of 24°, is 1398'.26. 
The other rule is the reverse of this, and does not require illustration. 
The extreme conciseness aimed at in the phraseology of the text, and. 
not unfrequently carried by it beyond the limit of distinctness, or even 
of intelligibility, is well illustrated by verse 88, which, literally trans- 
lated, reads thus: ' having subtracted the sine, the remainder, multi- - 
plied by 225, divided by ite difference, having added to the produet. of 
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the number and 225, it is called the arc.” In verse 31, also, the 
important word “° remainder ' is not found in the text. 

The proper place for this passage would seem to be immediately after 
the table of sines and versed sines: it is not easy to see why verses 
28.30 should have been inserted between, or indeed, why the subject of 
the inclination of the ecliptic is introduced at all in this part of the 
chapter, as no use is made of it for a long time to come. 


34. The degrees of the sun's epicycle of the apsis (manda- 
paridhi) are fourteen, of that of the moon, thirty-two, at the end 
of the even quadrants; and at the end of the odd quadrants, 
they are twenty minutes less for both. 


35. At the end of the even quadrants, they are seventy- 
five, thirty, thirty-three, twelve, forty-nine; at the odd (oja) they 
are seventy-two, twenty-eight, thirty-two, eleven, forty-eight, 

36. For Mars and the rest; farther, the degrees of the epi- 
cycle of the conjunction (cighra) are, at the end of the even 
quadrants, two hundred and thirty-five, one hundred and thirty- 
three, seventy, two hundred and sixty-two, thirty-nine; 


37. Atthe end of the odd quadrants, they are stated to be 

two hundred and thirty-two, one hundred and thirty-two, 

seventy-two, two hundred and sixty, and forty, as made use of 
in the calculation for the conjunction (¢igh rakarman). 


38. Multiply the base-sine (bhujajya) by the difference of 
the epicycles at the odd and even quadrants, and divide by radius 
(trijyá); the result, applied to the even epicycle (vrtta), and 
additive (dhana) or subtractive (rma), according as this is less or 

. greater than the odd, gives the corrected (sphuta) epicycle. 
"e. The corrections of the mean longitudes of the planets for the dis- 
|J turbing effect of the apsis (mandocca) and conjunction (cighrocca) of 
T AE - each—that is to say, for the effect of the ellipticity of their orbits, and 
v — for that of the annual parallax, or of the motion of the earth in its 
*. orbit—are made in Hindu astronomy by the Ptolemaic method of epi- 














ibg — upon the circumference of which the planet 
i baat e the centre of the epicycle revolves about 
| he n. The details of the method, as applied by 
the Hi clear by the figures and processes to be pre- 


sented a little later; in this passage we have only the dimensions of the 
 epicycles assumed for each planet. For convenience of calculation, they 
ire me sured in degrees of the orbits of the planets to which they 
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severally belong; hence only their relative dimensions, as compared 
with the orbits, are given us. The data of the text belong to the planets 
in the order in which these succeed one another as regents of the days 
of the week, viz., Mars, Mercury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). The annexed table gives the dimensions of 
the epicycles, both their circumferences, which are presented directly 
by the text, and their radii, which we have calculated after the method 
of this Siddhanta, assuming the radius of the orbit to be 3438’. 


Dimensions of the Epicycles of the Planets. 





___Epicycle of the apsis : | Epicycle of the conjunction : 
pne at even m at odd quadrant, ! at even dni: at odd quarant, 
circ. | rad. | circ. | rad. | circ. | rad. Eee | rad. 
Son 14" | 133°.70 1340 130759 | ...... oe Se Tees ee ER -. 
Moon, 32" 305.60 31°40") 302" 42 | TES 2 Nea wis] L n< esi Ire Cogia 
Mercury, 30° 286.50 28° 267°40 133° 1270°15 | 132^ | 1260°°60 
Venus, 12" 114'.60 11* 10505 | 262° 2502'*10 | 260° | 2483''00 
Mars, 75^ 716'.25 72" 687" 60 | 235° 224425 | 232^ | 2215' 60 
upiter, 33^ | 315'.15 32^ ]305"60 | 70° 066750 | 72° | 687'°60 
Saturn, 49' 467° .95 46° 458°40 39° 372-45 40° 387-00 


A remarkable peculiarity of the Hindu system is that the epicycles 
are supposed to contract their dimensions as they leave the apsis or the 
conjunction respectively (excepting in the case of the epicycles of the 
conjunction of Jupiter and Saturn, which expand instead of contracting), 
becoming smallest at the quadrature, then again expanding till the lower 
apsis, or opposition, is reached, and decreasing and increasing in like 
manner in the other half of the orbit; the rate of increase and diminu- 
tion being as the sine of the distance from the apsis, or conjunction. 
Hence the rule in verse 88, for finding the true dimensions of the epi- 
eyele at any point in the orbit. It is founded upon the simple propor- 
tion: as radius, the sine of the distance at which the diminution (or 
increase) is greatest, is to the amount of diminution (or of increase) at 
that point, so is the sine of the given distance to the corresponding 
diminution (or increase); the application of the correction thus obtained 
to the dimensions of the epicycle at the apsis, or conjunction, gives the 
true epievele. 

We shall revert farther on to the subject of this change in the dimen- 
sions of the epicycle. 


The term employed to denote the epicycle, paridhi, means simply 
** circumference," or '' eirele;'” it is the same which is used elsewhere in 
this treatise for the circumference of the earth, etc. In a single instance, 
in verse 38, we have ertta instead of paridhi; its signification is the 
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(s " same, and its other uses are closely analogous to those of the more 
usual term. 


= 39. By the corrected epicycle multiply the  base-sine 
= (bhujajyá) and perpendicular-sine — (kotijyá) respectively, and 
| divide by the number of degrees in a circle : then, the arc corres- 
| | ponding to the result from the base-sine (bhujajyáphala) is the 
* equation of the apsis (mánda phala), in minutes, etc. 
i ss À All the preliminary operations having been already performed, this 1s 
R m the final process by which is ascertained the equation of the apsis, or 
B. the amount by which a planet is, at any point in its revolution, drawn 
. naway from its mean place by the disturbing influence of the apsis. In 

; <r modern phraseology, it is called the first inequality, due to the ellipticity 
— of the orbit; or, the equation of the centre. 
= E Figure 8, upon the next page, will serve to illustrate the method of 
| the process. 

E . Let AMM'P represent a part of the orbit of any planet, which is 
| * supposed to be a true circle, having E, the earth, for ite centre. Along 
this orbit the planet would move, in the direction indicated by the 
|... . arrow, from A through M and M' to P, and so on, with an  equable 
n | motion, were it not for the attraction of the beings situated at the apsis 

*  (mandocca) and conjunction (cighrocea) respectively. The general mode 
of action of these beings has been explained above, under verses 1-5 
of this chapter: we have now to ascertain the amount of the disturb- 

"T ince produced by them at any given point in the planet's revolution. 
EM | method devised is that of an epicycle, upon the circumference of 
which the planet revolves with an equable motion, while the centre of the 
er cycle traverses the orbit with a velocity equal to that of the planet's 













planet. At present, we have to do only with the epicycle which 
sents the disturbing effect of the apsis (mandocca). The period of 
p 8 revolution about the centre of the epicycle is the time 
eh kes circuit of the orbit from the apsis 
und the period of its anomalistic revolution. 


case d ts excepting the moon, since their apsides are re- 
gard d stationary (see above, under i. 41-44): the 
moon 's motion of more than 40° in a 
war: her ©. the moon's anomalistie revolution is very perceptibly 
' si ereal, being 974 18> 18™. The arc of the epicycle 
the pla t at any mean point in its revolution is aceord- 
aal to the are of the orbit intercepted between that 
cir 
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point and the apsis, or to the mean anomaly, when the latter is reckoned, 
in the usual manner, from the npsis forward to the planet. Thus, in the 
figure, suppose A to be the place of the apsis (mandocca, the apogee of 
the sun and moon, the aphelion of the other planets), and P that of the 
opposite point (perigee, or perihelion; it has in this treatise no distinct- 
ive name); and let M and M’ be two mean positions of the planet, or 
actual positions of the centre of the epicycle; the lesser circles drawn 
&bout these four points represent the epicycle: this is made, in the figure, 
of twice the size of that assumed for the moon, or a little smaller than 
that of Mars. Then, when the centre of the epicycle is at A, the 
planet's place in the epicycle is at a; as the centre advances to M, M', 
and P, the planet moves in the opposite direction, to m, m’, and p, the 
arc a'm being equal to AM, a" m! to AM’, and a" p to AP. It is as if, 
while the axis Ea revolves about E, the part of it Aa remained ceon- 
stant in direction, parallel to EA, assuming the positions Mm, M'm', 
and Pp, suecessivelv. The effect of this combination of motions is to 
make the planet virtually traverse the orbit indicated in the figure by 
the broken line, which is a circle of equal radius with the true orbit, 
but having its centre removed from E, toward A, by a distance equal to 





Aa, the radius of the epicycle. This identity of the virtual orbit with 
an eccentric circle, of which the eccentricity is equal to the radius of 
the epicycle, was doubtless known to the Hindus, as to Ptolemy: the 
latter, in the third book of his Syntaxis, demonstrates the equivalence of 
the suppositions of an epicycle and an eccentric, and chooses the latter 
to represent the first inequality: the Hindus have preferred the other 
supposition, as better suited to their methods of calculation, and as ad- 
mitting a general similarity in the processes for the apsis and the con- 
junction. The Hindu theory, however, as remarked above (under vv. 
1-5 of this chapter), rejecte the idea of the actual motion of * planet 





-J 


The True Places of the Planets 73 


_ jn the epicyclé, or on the eccentric circle: the method is but a device 
for ascertaining the effect of the attractive force of tbe being at the 
apsis. Thus the planet really moves in the circle AMM"P, and if the 
lines Em, Em’ be drawn, meeting the orbit in o and of, its actual place 
is at o and o', when its mean place i$ at M and M' respectively. To 
ascertain the value of the ares oM and oM’, which are the amount of 
removal from the mean place, or the equation, is the object of the pro- 
cess prescribed by the text. 


Suppose the planet's mean place to be M, its mean distance from the 
apsis being AM: it has traversed, as above explained, an equal are a'm, 
in the epicycle. From M draw MB and MF, and from m draw mn, 
at right angles to the lines upon which they respectively fall: then MB 
is the base-sine (bhujajyá), or the sine of mean anomaly, and MF, or its 
equal EB, is the perpendicular-sine (Kofijyá), or cosine, and mn and 
nM are corresponding sine and cosine in the epicycle. But as the rela- 
tion of the circumference of the orbit to that of the epicycle is known, 
and as all corresponding parts of two circles are to one another as their 
‘respective circumferences, the values of mn and nM are found by a 
proportion, as follows: as 360° is to the number of degrees in the cir- 
cumference of the epicycle at M, so is MB to mn, and EB to nM. 
r Hence mn is called the '' result from the base-sine '' (bhujajyáphala, or, 
more briefly, bhujaphala or büáhuphala), and nM the ^" result from the 
perpendicular-sine '' (kotijyáphala, or kotiphala): the latter of the two, 
however, is not employed in the process for calculating the equation of 
the apsis. Now, as the dimensions of the epicycle of the apsis are in 
all cases small, mn may without any considerable error be assumed to 
be equal to oq, whieh is the sine of the arc oM, the equation: this 
assumption is accordingly made, and the conversion of mn, as sine, into 
its corresponding are, gives the equation required. 
The same explanation applies to the position of the planet at M’: 
a"m' the equivalent of AMM’, is here the arc of the epicycle traversed ; 
T m'n', its sine, is cnleulated from M’B’, as before, and is assumed to 
.— equal oq’, the sine of the equation o'M'. 
e E / ^ mo give n further and practical illustration of the process, we will 
- proceed to calculate the equation of the apsis for the moon, at the time 
— for which her mean place has been found in the notes to the last chap- 
"ter, viz. the 1st of January, 1860, midnight, at Washington. 
| ^ 
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‘Moon's mean longitude, midnight, at Ujjayint (i. 53), 11‘ 15° 23° 24 
— d t he equation for difference of meridian (degAntaraphala), 5 235 37 
| Jor for her motion between midnight at Ujj. and Wash. (i. 60,61), 
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ide at required time, 11 20 59 1 
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7? ' of moon's apsis, midnight, at Ujjayin! G. 53), 10: g* «x 96" 








< Bd for difference of meridian, as above, 2 50 
pu Eeagteée of mosa'» speis at required time, 10 9 45 15 
mr deduct moon's mean longitude (ii. 99), 1330 59 1 

Moon'« mean anomsly (mandakendra), 10 15 46 15 


The anomaly being reckoned forward on the orbit from the planet, 
the position thus found for the moon relative to the npsis is, nearly 
enough for purposes of illustration, represented by M in the figure. By 
the rule given above, in verse 30, the  base-sine (bhujajydj—since the 
anomaly is in the fourth, an even, quadrant—is to be taken from the 
part of the quadrant not included in the anomaly, or AM; the per- 
pendicular-sine (kofijyd) i» that corresponding to its complement, or 
MD. That is to say: 


Prom the ancenaly, 10s 18° “ww 15“ 
dedect three quadrants, 9 
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) at the given time: the figure shows it to be subtractive 
rule in verse 45 also declares it. Hence, from the 

























wit longitude, 11*90" ow 
| a deduct the equation, 5 70 
i-o Moon's true longitude, nua 9 
E 
UM — We present below, in a briefer form, the resulta of a similar calculs- 
(3 tion made for the sun, at the same time. 
Ban's mean longitude, midnight, at Ujjeyimt (6. 53), 8 17" 4w 7" 
Diet. , add for difference of meridian (i, 60, 61), a € 
LN 
x .  $un's mean longitude at required time, 8 15 1313 
T Longitude of sun's apeis G. 41), 9? 9 17 96 
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" Bun's mean anomaly (ii. 29), 579 «m 
— subtract from two quadrants (ii. 30), 6 
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lected the seconds. rejecting 
i , according as it was 
a half. For, considering that this method is followed 
which lies at the foundation of the whole process, 


t that the sine of the arc in the epicycle is assumed to be 
és a 












w, in verse 48, the equation thus found is the only one 
f truo longitude of the sun and of tho moon 
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ethod of making the calculation of the equation of 
un and moon i» iMustrated by tho annexed figure 
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(Fig. 4). The points E, A, M, a, m, and o, correspond with those simi- 
larly marked in the last figure (Fig. 3). The centre of the eccentric 
- circle is at e, and Ee, which equals Aa, is the eccentricity, which is given. 
Join em; the angle mea equals MEA, the mean anomaly, and Ermo 
equals MEo, the equation. Extend 
Fig. 4. me to d, where it meets Ed, a per- 
pendicular let fall upon it from E. 
Then, in the right-angled triangle 
Eed, the side Fe and the angles 
—since Eed equals mea—are 
given, to find the other sides, ed 
and dE. Add ed to em, the ra- 
dius; add the square of the sum 
to that of Ed; the square root 
of their sum is Em: then, in the 
right-angled triangle mEd, all 
the sides and the right angle are 
given, to find the angle Eme, the 
equation. 
This process is equivalent to a transfer of the epicycle from M to E; 
Ed becomes the result from the base-sine (bhujajyáphala), and de that 
from the perpendicular-sine (Kkofijyyáphala), and the angle of the equation 
is found in the same manner as its sine, ec, is found in the Hindu process 
next to be explained; while, in that which we have been considering, Ed 
:5 assumed to be equal to ec. 
Ptolemy also adds to the moon's orbit an epicycle, to account for her 
second inequality, the evection, the discovery of which does him so much 
honor. Of this inequality the Hindus take no notice. 





40. The result from the perpendicular-sine (kotiphala) of 
the distance from the conjunction is to be added to radius, when 
the distance (kendra) is in the half-orbit beginning with Capricorn; 
but when in that beginning with Cancer, the result from the per- 
pendicular-sine is to be subtracted. 


41. To the square of this sum or difference add the square 
of the result from the base-sine (báhuphala); the square root of 
their sum is the hypothenuse (Karma) called variable (cala). 
Multiply the result from the base-sine by radius, and divide by 
the variable hypothenuse : 

42. The are corresponding to the quotient is, in minutes, 
etc., the equation of the conjunction (cdighrya phala); it is em- 
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> . ployed in the first and in the fourth process of correction (ka rman) 


— or Mars and the other planets. 
ROM ; , 


I 


7 >. 
P 
" = 


= The process prescribed by this passage is essentially the same with 
— that explained and illustrated under the preceding verse, the only difference 
- being that here the sine of the required equation, instead of being 
—— assumed equal to that of the arc traversed by the planet in the epicycle, 
1X3 is obtained by calculation from it. The annexed figure (Fig. 5) will ex- 
| = hibit the method pursued. 
n The larger circle, CMM'O, represents, as before, the orbit in which 
any one of the planets, as also the being at its conjunction (cighrocca) are 
: 


, 


Fig. 5. 





y akin the circuit of the heavens about E, the earth, as a centre, in the 
lirection indicated by the arrow, from C through M and M' to O, and so 
on. š But since, in every case, the conjunction moves more rapidly east- 
ward than the planet, overtaking and passing it, if we suppose the con- 
junction stationary at C, the virtual motion of the planet relative to that 
poir , is backward, or from O through M! and M to C, its mean rate of 
approach toward C being the difference between the mean motion of the 
plan st and that of the sun. As before, the amount. to which the planet 
is drawn away from its mean place toward the conjunction is calculated 
by means of an epicycle. The circles drawn in the figure to represent 

evele are of the relative dimensions of that assigned to Mercury, 

more than half that of Mars. The direction of the planet s 


of the apsis, 
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_ the conjunction; as regards the motion of the planet relative to the con- 
" junction, it is the same as in the former case, being in the contrary direc- 
i tion at the conjunction: its effect, of course, is to increase the rate of the 
T eastward movement at that point. The time of the planet's revolution 
about the centre of the epicycle is the interval between two successive 
passages through the point C, the conjunction: that is to say, it is equal 
to the period of synodical revolution of each planet. These periods are, 
according to the elements presented in the text of this Siddhanta, 


E 
Š 
- 


ns 
follows : 
Mercury, 116“ 91" 49" 
Venus, 683 21 37 
, Mars, x 779 92 11 
Jupiter, 398 21 20 
Saturn, 378 2 4 


The are of the epicycle traversed by the planet, at any point in its revo- 
lution, is equal to its distance from the conjunction, when reckoned for- 
ward from the planct, according to the method prescribed in verse 29. 

Suppose, now, the mean place of the planet, relative to its conjunction 
(cighrocca) at C, to be at M: its place in the epicycle is at m, as far from 
c", in either direction, as M from C. The are of the epicycle already 

l traversed is indicated in this figure, as in Fig. 3, by the heavier line. 
Draw Em, cutting the orbit in o; then o is the planet's true place, and 
oM is the equation, or the amount of removal from the mean place by 
the attraction of the being at C. 

The sine and cosine of the distance from the conjunction, the dimen- 
sions of the epicycle, and the value of the correspondents in the epicycle 
to the sine and cosine, are found as in the preceding process. Add nM, 
the result from the cosine (kotijyaphala), to ME, the radius: the result 
is the perpendicular, En, of the triangle Enm. To the square of En 
add that of the base nm, the result from the sine (bhujajyáphala); the 
square root of the sum is the line Em, the hypothenuse: it is termed the 
variable hypothenuse (cala karna) from its constantly changing ita 
length. We have now the two similar triangles Emn and Eog, ^ 
comparison of the corresponding parts of which gives us the proportion 
Em: mn:: Eo: og; that is to say, og. which is the sine of the equation 
oM, equals the product of Eo, the radius, into mn, the result from the 
base-sine, divided by the variable hypothenuse, Em. 

When the planet's mean place is in the quadrant DO, as at M', the 
result from the perpendicular-sine (kofijydphala), or M'n’, is subtracted 
from radius, and the remainder, En’, is employed as before to find the 
value of Em’, the variable hypothenuse: and the comparison of the S 
similar triangles Em'n' and Eo'g' gives — 0'g', the sine of the equation,  — 
o'M'. i 5 
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SS It is obvious that when the mean distance of a planet from its conjunc- 
1* tion is less than a quadrant in either direction, as at M, the base En is 
. . greater than radius; when that disíance is more than a quadrant, às at 
[e M, the base En’ is less than radius: the cosine is to be added to radius 
a in the one case, and subtracted from it in the other. ‘This is the mean- 
— ing of the rule in verse 40: compare the notes to i. 58 and ii. 30. 


à 


inn. In illustration of the process, we will calculate the equation of the 
d = conjunction of Mercury for the given time, or for midnight preceding 
M Jünusry 1st, 1860, at Washington. 
Eu. Since the Hindu system, like the Greek, interchanges in the case of the 
— two inferior planets the motion and place of the planet itself and of the 
TAS sun, giving to the former as its mean motion that which is the mean 
— apparent motion of the sun, and assigning to the conjunction (cighrocea) 
d a revolution which is actually that of the planet in its orbit, the mean 
> position of Mercury at the given time is that found above (under v. 59) 
to be that of the sun at the same time, while to find that of its conjunc- 
— "Hon we have to add the equation for difference of meridian (decántara- 
—— phala, i. 60, 61), to the longitude given under i. 53 as that of the planet. 


> 


= 







“ 



















—— Longitude of Mercury's conjunction (clghrocca) , midnight, at Ujjayini 4° 15° 13° 85” 
At - — add for difference of meridian, i "44 14 
p > — Longitude of conjunction at required time, 4 16 57 22 
— Mean longitude of Mercury, 8 18 13 13 





| _ Mean commutation (¢ighrakendra), 7 98 44 9 


Pp — "The position of Mercury with reference to the conjunction is accord- 
E ingly very nearly that of M’, in Fig. 5. The are which determines the 
| — base-sine (bhujajyd), or OM’, is 58? 44', while M'D, its complement, 
— from which the perpendieular-sine (Kkofijyá) ia taken, is 31° 16’. The 
— — corresponding sines, M'D' and M'G., are 2038' and 1784’ respectively. 

—.—— The epicycle of Mercury is one degree less at D than at O. Hence 
'the proportion 

ER 3438: 60: : 2038: 51 
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EEUU ot min’ as 1078, and that of nM as 655’. Tho 
tion being more than three and less than nine signs, or in the 


; with Cancer, the fourth sign, n/M' is to be sub- 
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_ tracted from EM”, or radius, 3438'; the remainder, 2783’, is the perpen- 
| dicular En’, 
To the square of En’, 7,145,089 
add the square of n'm’, 1,162,084 
of their sum, 8,907,173 
the square root, 2,084 


is the variable hypothenuse (cala karna), Em'. The comparison of the 
triangles Ei'n' and Eo'g’ gives the proportion Em!’ : m'n! :: Eo!’ : o'g', or 
2084: 1078: : 3438: 1242 

The value of o'q’, the sine of the equation, is accordingly 1242': the cor- 
responding are, o'M, is found by the process preseribed in verse 33 to be 
91° 12'. The figure shows the equation to be subtractive. 

The annexed table presents the results of the calculation of the equa- 
tion of the conjunction (cighrakarman) for the five planets. 


Results of the First Process for finding the True Places of the Planets. 











Mean Longitude Mean — Corr. es Result! vari. Equat'n 

Planet. | Longi- of Commuta- | ,;,, | EPF | B- | P.. | able| of 
tude.  |Conjunction. | tion. "|eyele.| aa. | Bine. Hyp. | Conj. 
r — — aes or zm = Cc 5b A n, 

sc s " g o “ i" g: © 7 " , e , , , 4^ ° , 
Mereury|8 18 13 13| 4 16 57 22 | 7 98 44 9 | 2938 |132 9 1078 | 655 (2984 |—21 19 
Venus, 8 18 13 13/10 21 49 47 | 2 3 36 34 | 3080 |260 13| 2226 | 1104 |5058 |+26 7 
Mars, (5 24 30 57| 8 18 13 13 | 2 23 42 16 | 3416 |232 1| 2202 | 295 |4274 |431 1 
Jupiter, 2 26 2 14| 8 18 13 13 | 5 22 10 59 | 468| 70 16| 91| 665 2774 |+ 1 53 

Saturn, 3 20 12 3j 5 15 13 13 | 4 


| 


28 110 | 1820 | 89 82 o00 | 820 [3124 '+ 3 40 





This is, however, only a first step in the whole operation for finding 
the true longitudes of these five planets, as is laid down in the next 


passage. 


43. "The process of correction for the apsis (mánda karman) 
is the only one required for the sun and moon: for Mars and 
the other planets are prescribed that for the conjunction ( dighrya), 
that for the apsis (mánda), again that for the apsis, an that for 
the conjunction—four, in succession. 


44. To the mean place of the planet apply half the equation 
of the conjunction (cíghraphala), likewise half the equation of 
the apsis ; to the mean place of the planet apply the whole equation 
of the apsis (mandaphala), and also that of the conjunction, 
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45. In the case of all the planets, and both in the process of 
correction for the conjunction and in that for the apsis, the equa- 
tion is additive (dhana) when the distance (kendra) is in the half- 

+ orbit beginning with Aries; subtractive (rna), when in the half- 
orbit beginning with Libra. 


The rule contained in the last verse ‘s a general one, applying to all 
the processes of calculation of the equations of place, and has already 
been anticipated by us above. Its meaning is, that when the anomaly 
(mandakendra), or commutation (cighrakendra), reckoned always forward 
from the planet to the apsis or conjunction, is less than six signs, the 
equation of place is additive; when the former is more than six signs, 
the equation is subtractive. The reason is made clear by the figures given 
above, and by the explanations under verses 1-5 of this chapter. 


It should have been mentioned above, under verse 29, where the word 
kendra was first introduced, that, as employed in this sense by the Hin- 
dus, it properly signifies the position (see note to i. 53) of the ~ centre '' 
| of the epicycle—which coincides with the mean place of the planet itself 
E — relative to the apsis or conjunction respectively. In the text of the 
Sürya-Siddhánta it is used only with this signification: the commentary 
employs it also to designate the centre of any circle. 


Since the sun and moon have but a ingle inequality, according to the 
— — ë Hindu system, the calculation of their true places is simple and easy. 
With the other planets the case is different, on account of the exietence 
| of two causes of disturbance in their orbits, and the consequent necessity 
m both of applying two equations, and also of allowing for the effect of each 
R^ cause in determining the equation due to the other. For, to the appre- 
ui 3 hension of the Hindu astronomer, it would not be proper to caleulate the 
> | two equations from the mean place of the planet; not, again, to calculate 
He ae either of the two from the mean place, and, having applied it, to take 
the new position thus found as a basis from which to calculate the other; 

— since the planet is virtually drawn away from its mean place by the 
F x divinity at either apex (ucca) before it is submitted to the action of the 
ie ther. The method adopted in this Siddhanta of balancing the two 
influences, and arriving at their joint effect upon the planet, 13 stated in 
“verde 43 ünd 44. The phraseology of the text i not entirely explicit, 
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a different interpretation from that which 
| y puts upon it, and which the rules to be givea later show 
i | his is as follows: first ealculate from the mean 
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once equated; from this result, find once more the equation of the apsis, 
and apply it to the original mean place of the planet; and finally, calcu- 


“at —  Jate from, and apply to, this last place the whole equation of the con- 
|». junction. 





We have caleulated by this method the true places of the five planets, 
and present the results of the processes in the following tables, "Those 
of the first process have been already given under the preceding pas- 
sage: the application of half the equations there found to the mean 


longitude gives us the longitude once equated as a basis for the next 
process. 


Results of the Second Process for finding the True Places of the Planets. 





Diss | Equated | Longitude Equated | Base- | Corrected Equation | 











Longitude.| of Apsis. | Anomaly, | sine. | Epicycle. Apsis. | 
— re) ate Set al (ed | (ee N 
Mercury, | s TM 7 10 28 20 | 11 3251 |1568 | 20 5 | -2 7 
Veous, | 9 117|2195217| 518 35| 681| 11 48 | + 022 
Mara, 610 1|410 240/10 0 2|2977| 72 24 | —10 2 
Jupiter, | 232659|52192219| 29423 8190] 32 0 | +5 5 
Saturn, | 22 1 | 7 96 37 34 4 437 | 9529] 45 11 | + 6 20 





Again, the application of half these equations to the longitudes as 
once equated furnishes the data for the third process. The longitudes of 
the apsides, being the same as in the second operation, are not repeated 
in this table. 


Results of the Third Process for finding the True Places of the Planets. 
























Planet, — hoes . — Sorosle. — 5**— 
# LÀ , 
Mercury, 1512 20 7 
* mns 
2932 | 4B 9 





The original mean longitudes are now corrected by the regulis of the 

y third process, to obtain n position from which shall be once more calcu- 
: lated the equation of the conjunction; and the npplication of this to the E 
position which furnished it yields, as a final result, the true place of each — — 
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poten of the Fourth Process for finding the True Places of the Planeta. 

EE 7 1L KE 
| Corr. Keault Result) Var- 





















' Esa Equated Equated [g.se. : í jo | Laon- | Irus 
Planet. lrongitude.| amuta- | sine. Boie — P.- Hy- — — 
on. cycle. | B.-sine. | sine. poih. | Conj. | tude. 

































G. "$ M^ * o »]|8 e »? 
8 O 46 | 3000 —21 207 24 51 

1 | 2 3 14 | 3069 +25 599 14 35 
Mars, 8 3 12 | 3432 +33 446 18 45 
| Jupiter, 517 7| 766 +3 63 411 
. | Saturn, 4 21 28 | 2141 +4174 1 2 











EU We cannot furnish a comparison of the Hindu determinations of the 
E _ true places of the planets with their actual positions as ascertained by. 
— our modern methods, until after the subject of the latitude has been dealt 


|. with: see below, under verses 56-58. 
M Ws T | "The Hindu method of finding the true longitudes of the five planets 
|». whose apparent position is affected by the parallax of the earth's motion 
guts having thus been fully explained, we will proceed to indicate, as suc- 
tt cinetly as possible, the way in which the same problem is solved by the 
* great Greek astronomer. The annexed figure (Fig. 6) will illustrate his 
Pob method : it is taken from those presented in the Syntaxis, but with such 
= modifications of form as to make it correspond with the figures previ- 
H2 ously given here: the conditions which it represents are only hypothetical, 
— mot according with the actual elements of any of the planetary orbits. 
Cu £i Let E be the enrth's place. and let the circle ApC, described- about 
SE as a centre, represent the mean orbit of any planet, EA being the 
2 aene its line of apsides, and EC that of its conjunetion (çighra), 
- S | Fig. 6. called by Ptolemy the apogee 
Dc Uo Z of its epicycle. Let EX be the 
A t double eccentricity, or the equi- 
valent to the radius of the Hindu 
epievele of the apsis; and let 
EX be bisected in Q. Then, as 
regards the influence of the 
eccentricity of the orbit upon 
*." the place of the planet, the 
centre of equable angular motion 
is at X, but the centre of equal 
distance is at Q: the planet 
Eh. virtually describes the circle 
' which Q is the centre, but at the same rate as if it were moving 
dot d circle, of which the centre is at X. The angle of 
ly, which increases proportionally to the time, is 
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XA", but P is the planet's place, PEA the true anomaly, and EPX the 
_ equation of place. The value of EPX is obtained by a process analogous 
to that described above under verse 39 (pp. 75, 76); EB and BX, and QD 
and DX, are first found; then DP, which, by subtracting DX, gives XP; 
XP added to BX gives BP; and from BP and BE is derived EPB, the 
equation required; subtract this from PXA, and the remainder is REA, 
the planet's true distance from the apsis. About P describe the epicycle 
of the conjunction, and draw the radius PT parallel to EC: then T 
is the planet's place in the epicycle, p its apparent position in the mean 
orbit and TEP the equation of the epicycle, or of the conjunction. 
In order to arrive at the value of this equation, Ptolemy first finds that 
of SER, the corresponding angle when the centre of the epicycle is 
placed at R, at the mean distance EH, or radius, from E: he then 
diminishes it by a complicated process, into the details of which it is not 
necessary here to enter, and which, as he himself acknowledges, is not 
strictly accurate, but yields results sufficiently near to the truth. The 
application of the equation thus obtained to the place of the planet as 
already once equated gives the final result sought for, its geocentric place, 

In the case of Mercury, Ptolemy introduces the additional supposition 
that the centre of equal distances, instead of being fixed at Q, revolves 
in a retrograde direction upon the circumference of a circle of which X 
is the centre, and XQ the radius. 

After a thorough discussion of the observations upon which his data 
and his methods are founded, and a full exposition of the latter, Ptolemy 
proceeds himself to construct tables, which are included in the body of 
his work, from which the true places of the planets at any given time 
may be found by a brief and simple process. The Hindus are also ac- 
customed to employ such tables, although their construction and use are 
nowhere alluded to in this treatise. Hindu tables, in part professing to 
be calculated according to the Sirya-Siddhinta, have been published by : 
Bailly (Traité de l'Asir. Ind. et Or., p. 385, etc.), by Bentley (Hind. 
Ast., p. 219, ete.), by Warren (Kala Sankalita, Tables), by Mr. Hoising- 
ton (Oriental Astronomer, p. 61, etc.), and, for the sun and moon, by 
Davis (As. Res., ii. 255, 256). 

We are now in a condition to compare the planetary system of the 
Hindus with that of the Greeks, and to take note of the principal re- 
semblances nnd differences between them, And it is evident, in the first _ 
place, that in all their grand features the two are essentially the same. ~ 
Both alike analyze, with remarkable success, the irregularities of the 
apparent motions of the planets into the two main elements of which 
they are made up, and both adopt the same method of representing and 
calculating those irregularities. Both alike substitute eccentric circles 
for the true elliptic orbits of the planets. Both agree in assigning to 
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— sgg and Venus the same rnean orbit and motion as to the sun, and 
* jm giving them epicycles which in fact correspond to their heliocentric 
— orbits, making the centre of those epicyeles, however, not the true, but 


— the mean place of the sun, and also applying to the latter the correction 
= due to the eccentricity of the orbit. Both transfer the centre of the 
n orbits ‘of the superior planets from the sun to the earth, and then assign 
ic to each, as an epicycle, the earth’s orbit; not, however, in the form of 
ge an ellipse, nor even of an eccentric, but in that of a true circle; and 
-— here, too, both make the place of the centre of the epicycle to depend 
' || upon the mean, instead of the true, place of the sun. The key to the 
f whole system of the Greeks, and the determining cause both of its numerous 
F accordances with the actual conditions of things in nature, and of its 
inaccuracies, is the principle, distinctly laid down and strictly adhered to 
by them, that the planetary movements are to be represented by a 
— combination of equable circular motions alone, none other being deemed 
— — suited to the dignity and perfection of the heavenly bodies. By the 
2 - e ‘Hindus, this principle is nowhere expressly recognized, so far as we are 
aware, as one of binding influence, and although their whole system, no 
—  — Jess than that of the Greeks, seems in other respects inspired by it, it 18 
4 in one point, as we shall note more particularly hereafter, distinctly 
f abandoned and violated by them (see below, -under vv. 50, 51). We 
- — cannot but regard with the highest admiration the acuteness und industry, 
ihe power of observation, analysis, and deduction of the Greeks, that, 
hampered by false assumptions, and imperfectly provided with instruments, 
MOX they were able to construct a scienee containing so much of truth, and 
> serving as ^ secure basis for the improvements of after time: whether 
— we pay the same tribute to the genius of the Hindu will depend upon 
whether we consider him also, like all the rest of the world, to huve 
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——— beer the pupil of the Greek in astronomical science, or whether we shall 
believe him to have arrived independently at n system so closely the 
|» — counterpart of that of the West. 
i-i. ' "The differences between the two system are much less fundamental 
> "x and important. The assumption of a centre of equal distance different 
d | from that of equal nngular motion—and, in the case of Mercury. itselt 
also movable—is unknown to the Hindus: this, however, appears to be 
‘an innovation introduced into the Greek system by Ptolemy, and un- 
knowr before his time; it was adopted by him, in spite of its seeming 
arbitrariness, because it gave him results according more nearly with his 
b The moon's evection, the discovery of Ptolemy, is equally 
| As regards the combined application 
of the equations of the apsis and the conjunction, the two systems arc 


ce. Ptolemy follows the truer, 45 well as the simpler, 
eentricits of the 
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orbit, obtaining as a result, in the case of the superior planets, the 
planet's true heliocentric place; and this he then corrects for thé parallax 
of the earth’s position. Here, too, ignorant as he was of the actual 
relation between the two equations, we may suppose him to have been 
guided by the better coincidence with observation of the results of his 
processes when thus conducted. The Hindus, on the other hand, not 
knowing to which of the two supernatural beings at the apsis and con- 
junction should be attributed the priority of influence, conceived them 
to act simultaneously, and adopted the method stated above, in verse 44, 
of obtaining an average place whence their joint effect should be calcu- 
lated. "This is the only point where they forsook the geometrical method, 
and suffered their theory respecting the character of the forces producing 
the inequalities of motion to modify their processes and results. The 
change of dimensions of the epicycles is also a striking peculiarity of the 
Hindu system, and to us, thus far, its most enigmatical feature. The 
virtual effect of the alteration upon the epicycles themselves is to give 
them a form approximating to the elliptical, But, although the epicycles 
of the conjunction of the inferior planets represent the proper orbits of 
those planets, and those of the superior the orbit of the earth, it is not 
possible to see in this alteration an unconscious recognition of the principle 
of ellipticity, because the major axis of the quasi-ellipse—or, in the case 
of Jupiter and Saturn, the minor axis—is constantly pointed toward the 
earth, Its effect upon the orbit described by the planet is, as concerns the 
epicycle of the apsis, to give to the eccentric circle an ovoid shape, 
Auttened in the first and fourth quadrants, bulging in the second and 
third: this is, so far as it goes, an approximation toward Ptolemy's virtual 
orbit, a circle described about n centre distant from the earth's place by 
only half the equivalent of the radius of the Hindu epicycle (the circle 
A'P in figure 6): but the approximation seems too distant to furnish any 
hint of an explanation. A diminution of the epicycle also effects à corres- 
ponding diminution of the equation, carrying the planet forward where 
the equation is subtractive, and backward where it is additive : but we 
hardly feel justified in nssuming that it is to be regarded as an empirical 
correction, applied to make the results of caleulation agree more nearly 
with those of observation, because its amount and place stand in no 
relation which we have been able to trace to the true elements of the 
planetary orbits, nor is the accuracy of either the Hindu calculations or 
observations so great as to make such slight corrections of i appreciable 
importance. We are compelled to leave the solution of this difficulty, 
if it shall prove soluble, to later investigation, and n more_ extended com- 
parison of the different text-books of Hindu astronomical science. 


gards the numerical value of the elements adopted by the two 
Et e E relation, and their respective relations to the true 
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. elements established by modern science, are exhibited in the annexed 
= table. he first part of it presents the comparative dimensions of the 
= planetary orbits, or the value of the radius of each in terms of that of 
rs the earth’s orbit. In the case of Mercury and Venus, this is represented 
1 by the relation of the radius of the epicycle (of the conjunction) to that 
of the orbit; in the case of the superior planets, by that of the radius 
of the orbit to the radius of the epicycle. For the Hindu system it 
J was necessary to give two values in every case, derived respectively from 
the greatest and least dimensions of the epicycles. Such a relative de- 
termination of the moon's orbit, of course, could not be obtained: its 
absolute dimensions will be found stated later (see under iv. 3 and xi. 
84). The second part of the table gives, as the fairest practicable com- 
parison of the values assigned by each system to the eccentricities, the 
greatest equations of the centre. For Mercury and Venus, however, the 
ancient and modern determinations of these equations are not at all 
comparable, the latter giving their actual heliocentric amount, the former 
M: their ‘apparent value, as seen from the earth. 
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` the daily motion (bhukti) of a planet by the 


— sun's result from the base-sine (báhuphala), and divide by the 
number of minutes in a circle (bhacakra) ; the result, in minutes, 
ap | y to the planet's true place, in the same direction as the 
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|». probability the gnomon and shadow was that most relied upon; at nny 
v — rate, they can have had no means of keeping mean time with any accu- 
bee  FROy, and it appears from this passage that apparent time alone is re- 
_ garded as ascertainable directly. Now if the sun moved in the equi- 
—.—  moetial instead of in the ecliptic, the interval between the passage of his 
mean and his true place across the meridian would be the same part of 
n day, as the difference of the two places is of a circle: hence the pro- 
portion upon which the rule in. the text is founded: as the number of 
minutes in as circle is to that in the sun's equation (which is the same 
with his '' result from the base-sine: ' see above, v. 39), so is the whole 
daily motion of any planet to its motion during the interval. And 
ince, when the sun is in advance of his true place, he comes later to 
the meridian, the planet moving on during the interval, and the reverse, 
the result is additive to the planet's place, or subtractive from it accord- 
ing as the sun's equation is additive or subtractive, 

The other source of difference between true and apparent time, the 
difference in the daily increment of the ares of the ecliptic, in which 
the sun moves, and of those of the equinoctial, which are the measures 
of time, is not taken account of in this treatise. This is the more 
strange, as that difference is, for some other purposes, calculated and 
allowed for. 

At the time for which we have ascertained above the true places of 
the planets, the sun is so near the perigee, and his equation of place is 
so small. that it renders necessary, no modification of the, places as 
given: even the moon moves but a small fraction of a second during 
the interval between mean and apparent midnight. 

By bhukti, as used in this verse, we are to understand, of course, not 
the mean, but the actual, daily motion of the planet: the commentary 
also gives the word this interpretation. How the actual rate of motion 
is found at any given time, is taught in the next passage. 







AJ 4 


47. From the mean daily motion of the moon subtract the 
daily motion of its apsis (manda), and, having treated the differ- | 
ence in the manner prescribed by the next rule, apply the result, ` 
as an additive or subtractive equation, to the daily motion. 

48. The equation of a planet's daily motion is to be cal- | 
culated like the place of the planet in the process for the apsis: 
multiply the daily motion by the difference of tabular sines corre- — — 
sponding to the base-sine (dorjyd) of anomaly, and then divide-by * 
two hundred and twenty-five ; I EC 

| - 49. Multiply the result by the corresponding epicycle of 
S the apsis (mandaparidhi), an x 
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8 circle (bhagana) ; the result, in minutes, is additive when in 
the half-orbit beginning with Cancer, and subtractive when in 
that beginning with Capricorn. 


" Ë Only the effect of the apsis upon the daily rate of motion is treated 
_ of in these verses; the farther modification of it by the conjunction is 
the subject of those which succeed. 
| Verse 47 is a separate specification under the general rule given in 
the following verse, applying to the moon alone. The rate of a planet'a 
motion in its epicycle being equal to its mean motion from the apsis, or 
— its anomalistic motion, it is necessary in the case of the moon, whose 
|». apsis has a perceptible forward movement, to subtract the daily amount 
— — eof this movement from that of the planet in order to obtain the daily 


li: 

~ Tate of removal from the apsis. 

M z Tn the first half of verse 48 the commentary sees only an intimation 
y: that, as regards the apsis, the equation of motion is found in the same 


. general method as the equations of place, a certain factor being multiplied 
— by the circumference of the epicycle and divided bv that of the orbit. 
— . Such a direction, however, would be altogether trifling and superfluous, 
» «and not at all in aecordance with the usual compressed style of the 
Tt treatise ; and moreover, were it to be so understood, we should lack any 
t direction as to which of the several places found for a planet in the 
=- process for ascertaining its true place should be assumed as that for 
which this first equation of motion is to be calculated. The true mean- 
ing of the line, beyond all reasonable question, is, that the equation is 
me to be derived from the same data from which the equstion of place for 
|. the apsis was finally obtained, to be applied to the planet's mean posi- 
(0 tion, as this is applied to its mean motion; from the data, 
the third process, as given above. 

\J wÇ The principle upon which the rule is founded may 
follows. The equation of motion for any given time is evidently 


to the amount of acceleration. or of retardation effected during that time 
the sine of 


namely, of 


be explained as 
equal 










DR by the influence of the apsis. "Thus, in Fig. 8 (p. 72). mn, 
3 atm, is the equation of motion for the whole time during which the 
centre of the epicycle has been traversing the «are AM. If that are, 
and the are a'm, be supposed to be divided into any number of 
po tion ench equal to a day's motion, the equation of motion for each 
succe give day will be equal to the successive increments of the sines of 
! ren ing nrea in the epicycle ; and these will be equal to the suc- 
inerements from day to day of the sines of mean anomaly, reduced 
the dimensions of the epicycle. But the rate nt which the sine 
crenaing or decreasing at any point in the quadrant is approximately 
red by the diffe ence of the tabular sines at that point: and as 
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"the ares of mean daily motion are generally quite small—being, except 
= in the case of the moon, much less than 3° 45, the unit of the table 
E. we may form this proportion: if, nt the point in the orbit oecupied by 
eal the planet, a difference of 3° 45' in are produces an increase or decrease 
m of a given amount in sine, what increase or decrease of sine will be 
| produced by a difference of are equal to the planet's daily motion? or, 
225 : diff. of tab, simes :: planet's daily motion : corresponding diff. of 
sine. The reduction of the result of this proportion to the dimensions 
of the epicycle gives the equation sought. 


We will calculate by this method the true daily motion of the moon 
nt the time for which her true longitude has been found above, 


Moon's mean daily motion (i. 30), - 700° 35" 
deduct daily motion of apsis (i, 33), 6 41 
Moon s mean anomalistic motion, 783 54 


From the process of calculation of the moon s true place, given above, 


we take 
Moon s mean anomaly, 10° 18" 4 ” 15" 
Sine of anomaly (bhujajyd), 2266’ 
From the table of sines (ii. 15-27), we find 
Corresponding difference of tabular sines 174° 


Hence the proportion 
225: 174’: : 183/54" : 606'13⁄ 
shows the increase of the sine of anomaly in a day at this point to be 


606' 13". The dimensions of the epicycle were found to be 31° 47’. Hence 
the proportion 


860° : 31°47’; : 600/13" ; 53/31" 
gives us the desired equation of motion, ns 53’ 31". By verse 49 it is 


subtractive, the planet being less than a quadrant from the apsis, or its 
anomaly being more than nine and less than three signs. Therefore, 




















from the 
Moon's mean daily motion, 790 35” i 
subtract the equation, 53 31 | 
Moon's true daily motion at given time, 787 4 | 
. The roughness of the process is well illustrated by this example. 
| Had the sine of anomaly been but 2/ greater, the difference of sines would — S 
— have been 10’ less, and the equation only about 50’, — | 
—— The corrected rate of motion of the other planets will be given ind 
- found to be+? 18", esa ka se — x : = 
Cou b | - a jas AI = eS te NL 
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The corrected rate of- motion of the other planets will be given under 
the next following passage. 
a , 


50. Subtract the daily motion of a planet, thus corrected 
for the apsis (manda), from the daily motion of its conjunction 
(cighra) ; then multiply the remainder by the difference between 
the last hypothenuse and radius, | 


51. And divide by the variable hypothenuse (cala karna): 
the result is additive to the daily motion when the hypothenuse 1s 
greater than radius, and subtractive when this is less; if, when 
subtractive, the equation is greater than the daily motion, deduct 
the latter from it, and the remainder is the daily motion in a 
retrograde (vakra) direction. 


‘The commentary gives no demonstration of the rule by which we are 
here taught to calculate the variation of the rate of motion of a planet 
occasioned by the action of its conjunction: the following figure, however 
(Fig. 7), will illustrate the principle upon which it is founded. 

As in a previous figure (Fig. 5, p. 77, CMM represents the mean 
orbit of a planet, E the earth, and M the planet's mean position, at a 
given time, relative to its conjunction, C: the circle described about M 
is the epicycle of the conjunction: it is drawn, in the figure, of the 

TER Fig. 7. relative dimensions of that assumed 
i : for Mars. Suppose M'M to be the 
amcunt of motion of the centre of 
the epieycle, or the (equated) mean 
synodical motion of the planet, during 
one day m'm is the arc of the epi- 
eycle traversed by the planet in the 
same time. As the amount of daily 
synodical motion is in very case 
small, these ares are necessarily great- 
ly exaggerated in the figure, being 
made about twenty-four times too 
grent for Mars. Had the planet 
remained stationary in the epicycle 
of the epicycle moved from M" to M. its place at the 
en time would be at 5; having moved to m, it is seen at t: hence st 
he 'quation of daily motion, of which it is required to ascertain the 
value. Produce Em’ to n, making En equal to Em, and join m"; from 
Io at right angles to Em. Then. since the are mm’ is very small 
TE Emn and Enm, as also Mnim' and Min’m, may be regarded 
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E as right angles; Mmo and nmm! are therefore equal, each being the 
e complement of Emm’, and the triangles mmm’ and Mmn are similar. 
EU | ^ 


to 


Hence 


Mm: mo:: mm':; mn 


u But EM: Mm: : MM’: mm! 
— Hence, by combining terms, EM: mo:: MM': mn 
But is: Et:: mn: Em 


stria equals Et, by ! is: mo:: MM': Em 

end, reducing the proportion to an equation, ts, the required equation 
of motion, equals MM', the equated mean synodical motion in a day, 
multiplied by mo, and d'vided by Em, the variable hypothenuse. This, 
however, is not precisely the rule given above; for in the text of this 
Siddhánta, mt, the difference between the variable hypothenuse and 
radius, is substituted for mo, as if the two were virtually equivalent: a 
highly inaccurate assumption, since they differ from one another by the 
versed sine, of, of the equation of the conjunct' on, Mt, which equation 
is sometimes as much as 40°: and indeed, the commentary, contrary to 
its usual habit of obsequiousness to the inspired text with which it has 
to deal, rejeets this assumption, and says, without even an apology for 
the liberty it is taking, that by the word ''radius " in verse 50 is to be 
understood the cosine (Kotijyd) of the second equation of the conjunction. 

In illustration of the rule, we will calculate the true rate of daily 
motion of the planet Mars, at the same time for which the previous 
calculations have been made. 

By the process already illustrated under the preceding passage, the 
equation of Mars's daily motion for the effeet of the apsis, as derived from 
the data of the third process for ascertaining his true place, is found to 
be—12 41”, the difference of tabular sines beng 181'. Accordingly, 





drom the mean daily motion of Mare (i. 34), 81' 26” 
deduct the equation for the apsis, 3 41 | 
Mara'« equated daily motion, 27 45 
Now. to find the equated daily synodical motion, 
from the daily motion of Mars's conjunction (the sun), 59° 8g" 
L deduct his equated daily motion, Q7 45 
Mars's equated daily synodical motion, 81 23 


The variable hypothenuse used in the last process for finding the true 


= place was 89841; its excess above radius is 546. The proportion 
— 8984'; 546/: : 81/28": 4/18" ? ‘ 
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Car” that is to say, since the planet is in the half-orbit in which the influence 
x of the conjunction is anecelerative—the equation is additive- Therefore, 
| to Mars's equated daily motion, 27° 45" 
II" add the equation for the conjunction, 4 18 
F Mars's true daily motion at the given time, 2 8 
re In this calculation we have followed the rule stated in the text; had 
' — we accepted the amendment of the commentary, and, in finding the 
second term of our proportion, substituted for radius the cosine of 
83° 44’, the resulting equation would have been more than doubled, 
becoming 8’ 51", instead of 4’ 18"; this happening to be a case where 
the difference is nearly as great as possible. We have deemed it best, 
however, in making out the corresponding results for all the five planets, 
as presented in the annexed table, to adhere to the directions of the 
text itself. The inaccuracy, it may be observed, is greatest when the 
. equation of motion is least, and the contrary; so that, although some- 
times very large relatively to the equation, it never comes to be of any 
great importance absolutely. 
Resulta of the Processes for finding the True Daily Motion of the Planets. 
— Diff. Equation Equated Equated | Equation True 
i^ E Planes. of sines. ot A pati; Motion. Synod. EM reor Conjunction. Motion. 
4 vr cdi , e 4 tt x , aid 
Aa” | 
P^ 190 45 —95 45 | +29 2 
Ml. 35 7 *11 17 |7 #72 18 
Arg 31 +4 18 +382 3| 
Pick es 54 13 219. 4L | — 7461 
s 57 0 —5 lt | —3 8 
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LOC RE The final abandonment by the 

E T circular motion, which lies at the found 
~ tries and epieycles, is, as-ulready pointed out above (under vv. 43-45), 
LIS distinetly exhibited in this process: m'm (Fig. 7), the are in the epicycle 
Jy — traversed by the planet during a4 given interval of time, is no fixed and 
| = equal quantit , but is dependent upon the arc M'M, the value of which, 
« havir r suffered correction by the result of a triply complicated process, 
is altogeth irregular and variable. This necessarily follows from the 
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ing Y connected geometrical figure which shall represent the jomt 
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is rPX; and as the angle «PT like rXA", increases equably. the planet 
traverses the circumference of the epieyole with an unvarving motion relative 
to the fixed point z; although the equation is derived, not from the are 

wT, but from eT, the equivalent of CR, ‘ts part er varying with the 
varying angle EPX. 

In case the reverse motion of the planet upon the half-cireumference 
of the epicycle within the mean orbit is, when projected upon the orbit, 
greater than the direct motion of the centre of the epicycle, the planet 
will appear to move backward in its orbit, at n rate equal to the excess 
of the former over the latter motion. This is, as the last table shows, 
the case with Jupiter and Saturn at the given time. The subject of the 
retrogradation of the planets is continued and completed in the next 
following passage. | 


52. When at a great distance from its -conjunction 
(ctghrocca), a planet, having its substance drawn to the left and 
right by slack cords, comes then to have a retrograde motion. 

53. Mars and the rest, when their degrees of commutation 
(kendra), in the fourth process, are, respectively, one hundred 
and sixty-four, one hundred and forty-four, one hundred and thirty, 
one hundred and sixty-three, one hundred and fifteen, 

54. Become retrograde (cakrin): and when their respective 
commutations are equal to the number of degrees remaining after 
subtracting those numbers, in each several case, from a whole 
circle, they cease retrogradation. 

55. In accordance with the greatness of their epicycles of 
the conjunction (cighraparidhi), Venus and Mars cease retrograd- 
ing in the seventh sign, Jupiter and Mercury in the eighth, Saturn 
in the ninth. 


The subject of the stations and retrogradátions of the planets is 
rather briefly and summarily disposed of in this passage, although treated 
with as much fullness, perhaps, as is consistent with the general method 
of the Siddhánta. Ptolemy devotes to it the greater part of the twelfth 
book of the Syntaxis. 

— The first verse gives the theory of the physical eause of the pheno- 
menon: it is to be compared with the opening verses of the chapter, 
particularly verse 2. We note here, again, the entire disavowal of the 
system of epicycles as a representation of the actual movements of the 
planets. How the slackness of the cords by which each planet is 
attached to, and attracted by, the supernatural being at its conjunction, 
furnishes an explanation ‘of its retrogradation which should commend 
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s itself as satisfactory to the mind even of one who believed in the super- 
natural being and the cords, we find it very hard to see, in spite of the 
— explanation of the commentary: it might have been better to omit 
verse 52 altogether, and to suffer the phenomenon to rest upon the 
— — simple and intelligible explanation given at the end of the preceding 


le verso, which is a true statement of its cause, expressed in terms of the 
— Hindu system. The actual reason of the apparent  retrogradation is, 
- .. indeed, different in the ense of the inferior and cf the superior planets. 


As regards the former, when they are traversing the inferior portion of 
— — their orbits, or are nenrly between the sun and the earth, their helio- 
‘centric eastward motion becomes, of course, as seen from the earth, 
westward, or retrograde; by the parallax of the earth's motion in the 


» - .J same direction this apparent retrogradation is diminished, both in rate 
Na and in continuance, but is not prevented, because the motion of the 
k= 


— inferior planets is more rapid than that of the earth. The retrograda- 
tion of the superior planets, on the other hand, is due to the parallax of 
| the earth's motion in the same direction when between them and the 
sun, and is lessened by their own motion in their orbits, although not 
done away with altogether, because their motion is less rapid than that 
of the earth. But, in the Hindu system, the revolution of the planet in 
—— the epieycle of the conjunction represents in the one case the proper 
—  — ‘motion of the planet, in the other, that of the earth, reversed; hence, 
whenever its apparent amount, in n contrary direction, exceeds that of 
the movement of the centre of the epicycle—which is, in the one case, 
^ that of the earth, in the other, that of the planet itself—retrogradation 
is the necessary consequence. 

— . Verses 53-55 contain a statement of the limits within whieh retro- 
gradation takes place. The data of verse 53 belong to the different 
| planets in the order, Mars, Mercury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). That is to say, Mercury retrogrades, when his 
— equated commutation, ns made use of in the fourth process for finding 
(me his true place (see above, under vv. 43-45), is more than 144^ and less 
— — (han 216^; Venus, when her commutation, in like manner, is between 
—— 163? and 197°; Mars, between 164^ and 196°: Jupiter, between 150° 
| and 230°; Saturn, between 115° and 245°. These limits ought not, 
— however, ‘even according to the theory of this Siddhánta, to be laid 
down with such exactness; for the precise point at which the subtractive 
Souation of motion for the conjunction will exceed the proper motion 
E hi F must depend, in part, upon the varving rate of the latter 
flected by its eccentricity, and must accordingly differ a little at 
n times. We have not thought it worth while to cáleulate the 
it -ot this variation, nor to draw up a comparison of the Hindu 
Gre k and the modern determinations of the limits of retro- 
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|. gro c ation, since these are dependent for their correctness upon the accu- 

/ rney of the elements assumed, and the processes employed, both of which ` 

have been already sufficiently illustrated. 

_ — — ç The last verse of the passage adds little to what had been already 
snid, being merely a repetition, in other and less precise terms, of the 
specifications of the preceding verse, together with the assertion of a 
— relation between the limits of retrogradation and the dimensions of the 
| respective epicycles; n relation which is only empirical, and which, as 

regards Venus and Mars, does not quite hold good. 

56. To the nodes of Mars, Saturn, and Jupiter, the equa- . 

. tion of the conjunction is to be applied, as to the planets them- 

= selves respectively ; to those of Mercury and Venus, the equation 
of the apsis, as found by the third process, in the contrary 
direction. 

57. "The sine of the arc found by subtracting the place of the 
node from that of the planet—or, in the case of Venus and Mercury, 
from that of the conjunction—being multiplied by the extreme 
latitude, and divided by the last hypothenuse—or, in the case of 
the moon, by radius—gives the latitude (vtkshepa). 

58. When latitude and declination (apakrama) are of like 
direction, the declination (kránti) is increased by the latitude; 
when of different direction, it is diminished by it, to find the 
true (spashta) declination : that of the sun remains as already 
determined. ee 

How to find the declination of a planet at any given point uf the 
ecliptic, or circle of declination (krantivrtta), was taught us in verse 28 
above, taken in connection with verses 9 and 10 of the next chapter: 
here we have stated the method of finding the actual declination of any 
planet, as modified by its deviation in latitude from the ecliptic. | ⸗ 

The process by which the amount of n planet's deviation in latitude 
from the ecliptic is here directed to be found is more correct than might 
have been expected, considering how far the Hindus were from compre- 

TEE hending the true relations of the solar system. "The three quen 
employed as data in the process nre, first, the angular —— * 
planet from its node; second, the apparent value, ns latitude, o x 
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|  garrectly represented by the variable hypothenuse (cale karna) found in 
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m 
F under vv. 43-45); the first is still to be obtained, and verse 56 with the 
| first part of verse 57 teaches the method of ascertaining it. The principle 
wee or this method is the same for all the planets, although the statement 
m - of it is so different; it is, in effect, to apply to the mean place of the planet, 
a7 before taking its distance from the node, only the equation of the apsis, 
found as the result of the third process. In the case of the superior planets, 
> this method has all the correctness which the Hindu system admits; for 
ie by the first three processes of correction is found, as nearly as the Hindus 
= „are able to find it, the true heliocentrie place of the planet, the distance 
* from which to the node determines, of course, the amount of removal from 
~ the ecliptic. Instead, however, of taking this distance directly, rejecting 
Ü altogether the fourth equation, that for the parallax of the earth's place, 
-— the Hindus apply the latter both to the planet and to the node; their 
relative position thus remains the same as if the other method had been 
. adopted. 
Nus Thus, for instance, the position of Jupiter's node upon the first of 
January, 1860, is found from the data already given above (see i. 41-44) 
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to be 2: 19° 40/; his true heliocentric longitude, employed as a datum in 


(seo p. 89. i 4 1* 6; Jupiter's heliocentric dis- 
‘tance from the node is, accordingly, 11^ 26. Or, by the Hindu method, 
the planet's true geocentric place is 3° 4^ 11’, and the corrected longi- 
? tude of its node is 2- 225 45!'. the distance remains, as before, 11° 26. 


, In the case of the inferior planets, as the assumptions of the Hindus 
"aa especting them were farther removed from the truth of nature, so their 
- method of finding the distance from the node is more arbitrary and less 
|. &ecurate. In their system the heliocentrie position of the planet is repre- 
=~  sented by the place of its conjunction (cighra), and they had, as is shown 
above (see ii. 8), recognized the fact that it was the distance of the latter 
— from the node which determined the amount of deviation from the ecliptic. 
w Now, in ascertaining the heliocentric distance of an inferior planet from 
Co dts node, allowance needs to be made, of course, for the effect upon its 
i. position of the eccentricity of its orbit. But the Hindu equation of the 
apsis is no true representative of this effect: it is calculated in order to 
e applied to the mean place of the sun, the assumed centre of the epicycle 
— that is, of the true orbit; its value, as found, is geocentric, and, as 
appear | by the (able on p. 93, is widely different from its heliocentric 
value; and its sign is plus or minus according as its influence is to carry 
e plan j from the earth, eastward or westward; while, 
centric effect may be at one time to bring the planet 
> another time to carry it farther from the node. The Hindus, 

yve lookir x these incongruities, and having, apparently, no 
et view ; of thi subject to guide them to a correeter method, follow 
romard to Venus and Mercury what seems to them the same rule 
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ns was employed in the case of the other planets—they apply the equation 
of the apsis, the result of the third process, to the mean place of the 
conjunction; only here, as before, by an indirect process: instead of 
npplving it to the conjunction itself, they apply it with a contrary sign to 
the node, the effect upon the relative position of the two being the same. 

Thus, for instance, the longitude of Mereury's conjunction at the 
given time is (see p. 80). 4* 16° 57'; from this subtract 2° 2’, the equa- 
tion of the apsis found by the third process, and its equated longitude 
is 4* 14° 55': now deducting the longitude of the node at the same time, 
which is 20° 41’, we ascertain the planet's distance from the node to be 
8* 24° 1#. Or, by the Hindu method, add the same equation to the 
mean position of the node, and its equated longitude is 22° 43/; subtract 


this from the mean longitude of the conjunction, and the distance is, ns 
before, 3* 24^ 14’. 


The planet's distance from the node being determined, its latitude 
would be found by a process similar to that prescribed in verse 28 of 
this chapter, if the earth were at the centre of motion; and that rule is 
accordingly applied in the case of the moon; the proportion being, as 
radius is to the sine of the distance from the node, so is the sine of ex- 
treme lntitude (or the latitude itself, the difference between the sine and 
the are being of little account when the are is so small) to the latitude 
at the given point, In the case of the other planets, however, this pro- 
portion is modified by combination with another, namely: as the last 
variable hypothenuse (cala karpa), which is the line drawn from the eart 
to the finally determined place of the planet, or its true distance, is to 
radius, its mean distance, so is its apparent latitude at the mean distance 
to its apparent latitude at its true distance. That is, with 

R : sin nod. dist. :: extreme lat. : actual Int. at dist. R 
combing var. hyp : R :: lat. at dist. R : lat. at true dist. 
we hove var. hyp. : sin nod. dist. :: extreme lat. : actual lat. at true dist. 
which, turned into an equation, is the rule in the latter half of v. 57. 

The latitude, as thus found, is measured, of course, upon a second- 
ary to the ecliptic. By the rule in verse 58, however, it is treated as if 
measured upon n circle of declination, and is, without modification, added 
to or subtracted from the declination, according as the direction of the two 
is the same or different. The commentary takes note of this error, but 
explains it, as in other similar enses, ns being, '' for fear of giving men 
trouble, and on account of the very slight inaccuracy, overlooked by the 
blessed Sun, moved with compassion.” | | 

We present in the annexed table the results of the processes for cal- 
eulating the latitude, the declination, and the true declination as affected 
by latitude, of all the planets, at the time for which their longitude has 
-already been found. The declination is calculated by the rule in verse 
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28 of this chapter, the precession at the given time being, as found under 
.* verses 9-12 of the next chapter, 20° 24/ 39". Upon the line for the sun 

in the table are given the results of the process for calculating his declina- 
T tion, the equinox itself being accounted as a * node ™: it is, in fact, styled, 
— —in modern Hindu astronomy, krántipáta, ** node of declination,” although 





that term does not occur in this treatise. 
i Results of the Process for finding the Latitude and Declination of the 
L : Planets. 








Declina- Corrected 
tion. Declination. 





8 o » , a. J . # 
9 8 40 | 3997 | ............ | 23 41 
1 23 14 | 2754 | 336 N.| 4 56 
324 14 | 3134| 2 4 N.| 23 10 
i -8 22 34 | 3409 | 1 21 S. | 20 27 
A" 4 458|92815| 1 4 N.| 14 52 
Li 011926  682| 015 N.| 21 42 
> 01624, 970| 087 N.| 14 40 
> We are now able to compare the Hindu determinations of the true 


. . places and motions of the planets with their actunl positions and motions, 
— as obtained by modern science. 'lhe comparison is made in the annexed 
a table. As the longitudes given by the Sdrya-Siddhanta contain a con- 
ALME ita at error of 2° 20, owing to the incorreet rate of precession adopted 
—— by the treatise, and the false position thence assigned to the equinox, we 
[Ë Z^ give, under the head of longitude, the distance of each planet both from 
— Hindu equinox, and from the true vernal equinox of Jan. 1, 1860. 
(hae ‘The Hindu daily motions are reduced from longitude to right ascension 
E the rule given in the next following verse (v. 59). The modern data 


aken from the American Nautical Almanac. 


— Tr e Places and Motions of the Planets, Jan. 1st, 1860, midnight, at 
A T Á shington, according to the Sürya-Siddhünta and to Modern Science 
b -— — — — = » — s — — . 




















yu bs Daily Motion 
Declination. in Right Ascension. 





¿ Sürya- Sürya- | " 
*- laiddhánta.| Moderps. lgiddblnta. | Moderns. | 


5 L 2 4 , , Ë E 
23 41 S. | 23 5 B. + 66 2| + 66 18 
8 32 N. | 6 56 N. | +683 50 | +655 14 
91 6 S. | 20 42 S. + 3L 13 | + 52 39 
91 48 S. | 20 68 S. + 72 50 | + 78 6 | 
13 48 8. | 14 23 5. + 31 68 * 86 19 | 
14 16 N. | — 3 3 —- 229| 
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The proper subject of the second chapter, the determination of the 


true places of the planets, being thus brought to a close, we should expect 


to sea the chapter concluded here, and the other matters which it contains 
put off to that which follows, in which they would seem more properly to 
belong. The treatise, however, is nowhere distinguished for its orderly 
and consistent arrangement. | 3 


59. Multiply the daily motion of a planet by the time of 
rising of the sign in which it is, and divide by eighteen hundred ; 
the quotient add to, or subtract from, the number of respirations 
in a revolution : the result is the number of respirations in the 
day and night of that planet. 


In the first half of this verse is taught the method of finding the 
increment or decrement of right ascension corresponding to the increment 
or decrement of longitude made by any planet during one day. For the 
'" time of rising ' (udayapránás, or, more commonly, udaydsavas, liter- 
ally '' respirations of rising '") of the different signs, or the time in respira- 
tions (see i. 11), occupied by the successive signs of the ecliptic in passing 
the meridian—or, at the equator, in rising above the horizon— see verses 
42.44 of the next chapter. The statement upon which the rule is 
founded is as follows: if the given sign, containing 1800' of are (each 
minute of are corresponding, as remarked above, under i, 11-12, to a 
respiration of sidereal time), occupies the stated number of respirations in 
passing the meridian, what number of respirations will be occupied by 
the are traversed by the planet on a given day? The result gives the 
amount by which the day of each planet, reckoned in the manner of this 
Siddhánta, or from transit to transit across the inferior meridian, differs 
from a sidereal day: the difference is additive when the motion of the 
planet is direct; subtractive, when this is retrograde. 

Thus. to find the length of the sun's day, or the interval between two 
successive apparent transits, at the time for which his true longitude and 
rate of motion have already been ascertained. The sun's longitude, as 
corrected by the precession, is 9* 8° 40’; he is accordingly in the tenth 
sign, of which the time of rising (udayásacas), or the equivalent in right 
ascension, 181935”. His rate of daily motion in longitude is 61 26". 
Hence the proportion ic 

1800' : 1935” :: 61/20" : 667,04 
shows that his day differs from the true sidereal day by J1* O^.04, As 
his motion is direct, the difference is additive: the lerigth of the apparent 
day is therefore 60" 11° 9*.04, which is equivalent to 24^ 0" 27'.5, mean 
solar time, According to the Nautical Almanac, it is 24^ 0" 28'.6. By 


— 


-a similar process, the length of Jupiter's day.at the pag ATE —— AE. 
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< be 590" 58° 4^", or 28% 55” 307.8. by the Nautical Almanac, it is 
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— a 60. Calculate the sine and versed sine of declination : then 
— radius, diminished by the versed-sine, is the day-radius: it 1s 
—— either south or north. | | | 
DN. Y — 
=. The quantities made use of, and the processes prescribed, in this 
Ruy and the following verses may be explained and illustrated by means of the 
. . annexed figure (Fig. 8). s 
š Let the circle ZSZ/N represent the meridian of a given place, © 
P being the centre, the place 


of the observer, SN the see 
tion of the plane, of his hori- 
zon—S being the south, and 
N the north point—Z and Z 
the zenith and its opposite 
point, the nadir, P and p 
the north and south poles, 
and E and E! the points on 
the meridian cut by the 
equator Let ED be the 
declination of a planet at 4 
given time; then DD’ will 
be the diameter of the circle 
of diurnal revolution des- 
eribed bv the planet, and 
BD the radius of that circle : 
BD is the line which in 
| verse 60 is called the '' day- 
T w DF perpendicular to EC: then it is evident that BD is equal 
um iis x ed by EF, which is the versed sine of ED. the declination. 
For * radius '" we have hitherto had only the term t#rijuá (or its equi- 
ts, frijiva, tribhajtvd. tribhajyd, — tribhamáureikd, literally “the sine 


I5 applicable only 


Fig. 8. 
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f three signs," that is, of 90^. That term, however, 
the radius of a great circle, or to tabular radius. In 
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this verse, 
L Sh dL > ` ` v -= ee 
accordingly, we have for '' day-radius " the word dinavydsadal«, half- 
diamete r of the day; " and other expressions synonymous with this are 
found used instead of it in other passages. A more frequent | 
the same ` juantit in modern Hindu astronomy i= dyupua, day-sine : 
: the is not found anywhere in 
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It is a matter for surprise that b e° not find the day 
| simply to the cosine (Fotijuá) of eclination. 


Er am M > uM 
1 — * b 
) p - = 
W. 2 = 
"e ar » 


Tu 


“ 


m s 
Pw 






2 | 


Je 


t 


` 


Ju rw — 
Ld ° — B Y . » š 
a P, , "— - Y 


. Sárya-Siddhánia 


In illustration of the rule, it will be sufficient to find the radius of 


Wr the diurnal circle described by the sun at the time for which his place has 


been determined. His declination, Ed (Fig. 8) was found to be 28° 41/: 
of this the versed sine, EF, is, by the table given above (ii, 22.27), 290: 
the difference between this and radius, EC, or 3438/', is 3148', which is 
the value of CF or bd, the day-radius. "The declination in this case being 
south, the day-radius is also south of the equator. 


61. Multiply the sine of declination by the equinoctial 
shadow, and divide by twelve; the result is the earth-sine 
(kshitijya) ; this, multiplied by radius and divided by the day- 
radius, gives the sine of the ascensional difference (cara): the 
number of respirations due to the ascensional difference 

62. Is shown by the corresponding arc. Add these to, and 
subtract them from, the fourth part of the corresponding day 
and night, and the sum and remainder are, when declination 1s 
north, the half-day and half-night ; 

63. When declination is south, the reverse; these, multi- 
plied by two, are the day and the might. The day and the night 
of the asterisms (bha) may be found in like manner, by means of 
their declination, increased or diminished by their latitude. 


We were taught in verse 59 how to find the length of the entire day 
of a planet at any given time; this passage gives us the method of 
ascertaining the length of its day and of its night, or of that part of the 
day during which the planet is above, and that during which it is below, 
the horizon. 

In order to this, it is necessary to ascertain, for the planet in question, 
its ascensional difference (cara), or the differenee between its right and 
oblique ascension, the amount of which varies with the declination of 
the planet and the latitude of the observer. The method of doing this 
is stated in verse 61: it may be explained by means of the last figure 
(Fig. 8). First, the value of the line AB, which is called the ** earth- 
sine `” (kshitijyd), is found, by comparing the two triangles ABC and 
CHE. which are similar, since the angles ACB and CEH are each equal 
te the latitude of the observer. The triangle CHE is represented here 
by a triangle of which a gnomon of twelve digits is the perpendicular, and 
its equinoctial shadow, cast when the sun is in the equator and on the 
meridian (see the next chapter, verse 7, ete.), is the base. Hence the 
proportion EH: HC:: BC: AB is equivalent—since BC equals DF, the 
sine of declinntion—to gnom.: eq. shad.:: sin decl.: earth-sine. But 

the arc of which AB is sine is thé same part of the circle of diurnal 
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revolution as the ascensional difference is of the equator; hence the reduc- 
tion of AB to the dimensions of a great circle, by the proportion 
4 BD: AB:: CE: CG, gives the value of CG, the sine of the ascensional 
. difference. The corresponding are is the measure in time of the amount by 
— which the part of the diurnal circle intercepted between the meridian and 
the horizon differs from a quadrant, or by which the time between sun-rise 
| er sun-set and noon or midnight differs from a quarter of the day. 

E» In illustration of the process, we will calculate the respective length 
ET ot the sun’s day and night at Washington at the time for which our 
|. previous calculations have been made. 

Ni. The latitude of Washington being 38° 54’, the length of the equi- 
‘noctial shadow cast there by a gnomon twelve digits long is found, by 
È the rule given below (iii. 17), to be o' ag, The sine, dF or bC, of the ` 
sun's declination at the given time, 28° 41/ S, is 1880. Hence the 
|| proportion 

E 12 : 9.68 -. 1880 : 113 


PT - gives us the value of the enrth-sine, ab, as 11193'. This is reduced to 
. . the dimensions of a great circle by the proportion 
str 3148 : 3438 :: 1119 : 1216. 


|. The value of Cg, the sine of ascensional difference, is therefore 1216/ : 


the corresponding arc is 20^ 44', or 1244', which, as a minute of arc 
v equals a respiration of time, is equivalent to a" 27" 9". The total length 
MS of the day was found above (under v. 59) to be 60" 11°, increase and 
ka a diminish the quarter. of this by the ascensional difference, and double the 
— um and remainder, and the length of the night is found to be 37" 0" 1”, 
" AS nnd that of the day 93^ 107 5", which are equivalent respectively to 14^ 
dl 7 45° 38'.6 and 9^ 14" 48*.9, mean solar time. 
——— . Of course, the respective parts of a sidere 
Y of the lunar mansions, as represented by its principal star, w 
e x | above. and below the horizon of a given latitude, may be found in the 
3 ime manner, if the declination of the star is known; and this is stated 
dn the chapter (ch. viii) whieh treats of the asterisms. š 
Ew Why AB is called kahitijyd is not easy to see. One is tempted 
nae ing rather ''sine of situation ” than 
rth-sine,’’ the original signification of kshiti being ` abode, residence“: 
nig at then indicate a sine which, for a given declination, varies with 
ration x But that kshiti in this compound is to be 
east strongly indicated by 
ame of the sine in question, kujya which is 
u : 10 commen Ithough not in the text, and which can only 
"nean 6 rth E ne. ** The word cara, used to denote the ascensional 
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caradala, '' variable portion; ' that is to say, the constantly varying 

— amount by which the apparent day and night differ from the equatorial 
pe day and night of one half the whole day each. ‘he gnomon, the equinoctial 
shadow, etc., are treated of in the next chapter. 


64. The portion (bhoga) of an asterism (bha) is eight 
hundred minutes; of a lunar day (tithi), in like manner, seven 
hundred and twenty. If the longitude of a planet, in minutes, be 
divided by the portion of an asterism, the result is its position in 
asterisms : by means of the daily motion are found the days, etc. 


The ecliptic is divided (see ch. viii) into 27 lunar mansions or aster- 
isms, of equal amount; hence the portion of the ecliptic occupied by 
each asterism is 18° 20’, or 800’. In order to find, accordingly, in which 
asterism at a given time, the moon or any other of the planets is, we 
have only to reduce its longitude, not corrected by the precession, to 
minutes, nnd divide by 800: the quotient is the number of asterisms 
traversed, and the remainder the part traversed of the asterism in which 
the planet is. The last clause of the verse is very elliptical and obscure; 
according to the commentary, it is to be understood thus: divide by the 
planet's true daily motion the part past and the part to come of the 
current asterism, and the quotients are the days and fractions of a day 
which the planet has passed, and is to pass, in that asterism. This inter- 
pretation is supported by the analogy of the following verses, and is doubt- 
less correct. 


The true longitude of the moon was f und above (under v. 39) to be 
11* 17° 39' or 20,85%. Dividing by 800, we find that, at the given 
time. the moon is in the 27th, or last, asterism, named Revati, of which 
it has traversed 59’, and has 741’ still to pass over. Its daily motion 
being 737', it has spent 28" 4”, and has yet to continue 14 O" 19" 37, in 
the asterism. 


The latter part of this process proceeds upon the assumption that the 
planct’s “ate of motion remains the same during its whole continuance 
in the asterism. A similar assumption, it will be noticed, is made in all 
the processes from verse 59 onward; its inaccuracy is greatest, of course, - 
where the moon's motion is concerned. 


Respecting the lunar day (tithiy see below, under verse 66, 


á 65. From the number of minutes in the sum of the longi- 
tudes of the sun and moon are found the yogas, by dividing that 
sum by the portion (bhoga) of an asterism. Multiply the minutes 
past and to come of the current yoga by sixty, and divide by the 
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— . What the yoga is, is evident from this rule for finding it; it is the 
SO aes a A . "WM i 
m. period, of variable length, during which the joint motion in longitude of 
the sun and moon amounts to 13° 20 the portion of n lunar mansion. 
_ According to Colebrooke (As. Res., ix. 365; Essays, ii. 362, 363), the 
kak Oso of the yogas is chiefly astrological; the occurrence of certain mova- 
ri ble festivals is, however, also regulated by them, and they are so frequently 
Be desctoyed that every Hindu almanac contains a column specifying the yoga 
5 for each day, with the time of its termination. ‘The names of the twenty- 
seven yogas are as follows: 








4 1. Vishkambha. 10. Ganda. 19. Parigha. 
au cw Priti. ll. Wrddhi. 20. Qiva. 
|. 8. Ayushmant. 12. Dhruva. 21. Siddha. 
4. Sàubhágys. 13. Vyighita. 22. Rülhya. 
6. Q bhana. — 14. Harshapa. 23. Qubha. 
Loo 6. Atiganda. 15. Vajra. 24. Qukla. 
Tf * 7. Sukarman. 16. Si ^ 25. Brahman. 
——. - 8. Dhrti. 17. Vyatipáta. 20. Indra. 
A wf 2.1.  Qüla. 18. Variyas. 27. Vhidhrti. 
$ 
T There is also in use in India (see Colebrooke, as above) another 












| system of yogas, twenty-eight in number, having for the most part 
r different names from these, and governed by other rules in their succession. 
ur Of this system the Sürya-Siddhànta presents no trace. 
(^ - We will find the time in yogas corresponding to that for which the 
= previous calculations have been made. 
— The longitude of the moon at that time is 11 17° 39, that of the 
sun is 8' 18° 15^; ‘their sum is 8&* 5° 54', or 14,754". Dividing by 800, 
= sa we find that eighteen yogas of the series are past, and that the current 
^ | one is the nineteenth, Parigha, of which 354 nre past, and 446 to 
, JJ "eome. To ascertain the time at which the current yoga began and that 
"mt which it is to end, we divide these parts respectively by 799’, the 
I he daily motions of the sun and moon at the given time, and 










at whicl 
mi iply | 3 60 to reduce the results to nádis: and we find that Parigha 
vegan 16" BG’ before, and will end 38" 30° 4r after the given time. 






2 T me yoga, by which this astrological period ts ealled, is 
J it. ipparently, as designating the period during which the sum 
a) of the increments in longitude of the sun and moon amounts to 4 
| quantity. It seems an entirely arbitrary device of the astrologers, 
J antur: period nor 4 subdivision of one, not being of 
an discover in determining the relative position, or 


sum of t 
is applied 
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Sirud-Siddhénta: 


aspect, of the two planets with which it deals, nor having any assignable 
relation to the asterisms, with which it is attempted to be brought into 
Connecvion. Were there thirty yogas, instead of twenty-seven, the 
period would seem an artificial counterpart to the lunar day, which is 
the subject of the next verse; being derived from the sum, as the other 
from the difference, of the longitudes of the sun and moon. 


66. From the number of minutes in the longitude of the 
moon diminished by that of the sun are found the lunar days 
(tithi), by dividing the difference by the portion (bhoga) of a lunar 
day. Multiply the minutes past and to come of the current lunar 
day by sixty, and divide by the difference of the daily motions of 
the two planets: the result is the time in nádis. 


The tithi, or lunar day, is (see i. 13) one thirtieth of a lunar month, 
or of the time during which the moon gains in longitude upon the sun 
a whole revolution, or 360°: it is, therefore, the period during which the 
difference of the increment of longitude of the two planets amounts to 
12°. or 720, which are, as stated in verse 64, is its portion (bhoga). To. 
&nd the current lunar day, we divide by this amount the whole excess 
of the longitude of the moon over that of the sun nt the given time; and 
to find the part past and to come of tbe current day, we convert longitude 
into time in a manner analogous to that employed in the case of the yoga. 


Thus. to find the date in lunar time of the midnight preceding the 
first of January, 1860, we first deduct the longitude of the sun from that 
of the moon; the remainder is 2° 29° 24', or 5364: dividing by 720, it 
appears that the current lunar day is the eighth, and that 324’ of its portion 
are traversed, leaving 396’ to be traversed. Multiplying these numbers 
respectively by 60, and dividing by 675! 38", the difference of the daily 
motions at the time, we find that 28" 46° 2P have passed since the 
beginning of the lunar day, and that it still has 85" 10" 8» to run. 


The lunar days have, for the most part, no distinctive names, but 
those of each half month (paksha—see above, under i, 48-51) are called 
first, second, third, fourth, ete., up to fourteenth. The last, or fifteenth, 
of each half has, however, a special appellation : that which concludes the 
Arst, the light half, ending at the moment of opposition, is called 
páurnamási, pürnimá, pürnamá, © day of full moon; "' that which eloses 
the month, and ends with the conjunction of the two planets, is styled 
amárvásyá, '" the day of dwelling together." 


Each lunar day is farther divided into two halves, called karana, ns 
appears from the next following passage. 
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* 67. The fixed (dhruva) karanas, namely çakuni, naga, 
 eatushpada the third, and kinstughna, are counted from the latter 
— —half of the fourteenth day of the dark half-month. 
e 68. After these, the karanas called movable (cara), namely 
— bawa, ete., seven of them : each of these karanas occurs eight 
times in a month. 
69. Half the portion (bhoga) of a lunar day is established 
as that of the karanas. . . . 


Of the eleven karanas, four occur only once in the lunar month, 

while the other seven are repeated each of them eight times to fill out 

the remainder of the month. Their names, and the numbers of the half 
lunar days to which each is applied, are presented below: 


k= 1. Kinstughna. Ist. 

m 2. Bava. 2nd, Oth, 16th, 23rd, 30th, 37th, 44th, Slst. 
m 3. Bàálava. 3rd, 10th, 17th, 24th, 31st, 88th, 45th, 52nd. 
T 4. Kaulava. 4th, Lith, 18th, 25th, 32nd, 39th, 46th, 53rd. 

5. Tàitila. Sth, 12th, 19th, 26th, 23rd, 40th, 47th, Sith. 

” 6. Gara. Gth, 13th, 20th, 27th, Sith, 41st, 45th, 55th. 
| 7. Bapij. 7th, 14th, 21st, 28th, 35th, 42nd, 49tb, 56th. 
a? B. Vishti. Sth, 15th, 22nd, 29th, 36th, 43rd, 50th, 57th. 

vp 9. Qakuni. 58th. 

Sa 10. Naga. 50th. 

n - 2 11. Catushpada è 60th. 

‘a Most of these names are very obscure: (he last three mean '" hawk ' 


mE serpent," and ''quadruped.'" Karana itself is, by derivation, '' factor, 
a cause: '' in what sense it is applied to denote these divisions of the month, 
= we do not know. Nor have we found anywhere an explanation of the 
FNS value and use of the karanas in Hindu astronomy or astrology. 

' The time which we have had in view in our other calculations being, 
— ns is shown under the preceding passage, in the first half of the eighth 
— lunar day, is, of course, in the fifteenth karana, which is named Vishti. 
< SU The remaining half-verse is simply a winding-up of the chapter. 
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5 69. . . Thus has been declared the corrected (sphuta) 
motion of the sun and tbe other planets. 


— +£ 3 The following chapter is styled the “ chapter of fhe three inquiries `` 
* (tripraenddhikara). According to the commentary, this means that it 
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is intended by the teacher as a reply to his pupil's inquiries respecting 


ree subjects of direction (dig), place (dega), and time (kala). 
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Stirya-S idd hdnta 


- | Or DIRECTION, PLACE, AND TIME. 


CONTENTS :—1:6, construction of the dial, and description of its parts; 7, the measure 
of amplitude; 5, of the gnomon, bypothenuse, and shadow, any two being given, 
to find the third; 9-12, precession of the equinoxes; 12-13, the equinoctial shadow; 
13-14, to find, from the equinoctial shadow, the latitude and co-latitude; 14-17, 
the sun's declination being known, to find, from a given shadow at noon, his zenith- 
distance, the latitude, and its sine and cosine; 17, latitude being given, to find 
the equinoctial shadow; 17-20, to find, from the latitude end the sun's zenith- 
distance at noon, his declination and his true and mean longitude; 20-22, latitude 
and declination being given, to find the noon-shadow end hypothenuse; 22-23, 
from the sun's declination and the equincetial shadow and the measure of 
amplitude; 23-25, to find, from the equinoctial shadow and the measure of 
amplitude at any given time, the base of the shudow; 25-27, to find the hypo- 
thenuse af the shadow when the sun is upon the prime vertical; 27-28, the sun's 
declination and the latitude being given, to find the sine and the measure of 
amplitude; 28-33, to find the sines of the altitude and zénith-distance of the sun, 
when upon the south-e2st and south-west vertical circles; 33-34, to find the 
corresponding shadow and hypothenuse; 34-36, the sun's ascensional difference and 
the hour-angle being given, to find the sines of his altitude and zenith-distance, 
and the corresponding shadow and hypothenute; 37-39, to find, by a contrary 
process, from the shadow of a given time, the sun's altitude and zenith-distance, 
and the hour-angle; 40-41, the latitude and the sun's amplitude being known, 
to find his declination and true longitude; 41-42, to draw the path described by 
the extremity of the shadow; 42-45, to find the ares of right and oblique ascension s 
corresponding to the several signs of the ecliptic; 46-48, the sun's longitude and 
the time being known, to find the point of the ecliptic which is upon the horizon ; 
49, the sun's longitude and the hour-angle being known, to find the point of the 


ecliptic which is upon the meridian; 50-51, determination of time by means of 
these data. 


1. On a stony surface, made water-level, or upon hard 
plaster, made level, there draw an even circle, of a radius equal to 
any required number of the digits (angula) of the gnomon (çanku). 


2. At its centre set up the gnomon, of twelve digits of the 
measure fixed upon; and where the extremity of its shadow 
touches the circle in the former and after parts of the day, 


3. There fixing two points upon the circle, and calling them 
the forenoon and afternoon points, draw midway between them, 
by means of a fish-figure (timi), a north and south line. 


— 4. Midway between the north and south direetions draw, 
—— by a fish-figure, an east and west hine: and in like manner also, by ` " 
bl: | Ms PE e 2 | 
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oo 
gia 
—  fish-figures (matsya) between the four cardinal directions, draw 
Enn the intermediate directions. 
5. Draw acircumscribing square, by means of the lines going 
.. out from the centre; by the digits of its base-line (bhujasütra) 
|». projected upon that is any given shadow reckoned. 
t 
x = In this passage is described the method of construction of the Hindu 
dial, if that ean properly be called a dial which is without  hour-lines, 
— -— and does not give the tune by simple inspection. It is, as will be at 
— once remarked, a horizontal dial of the simplest character, with a verti- 
pn. eal gnomon. This gnomon, whatever may be the length chosen for it, 
3 | is regarded as divided into twelve equal purts called digits (angula, 
ar 


i " 
— 
a. 


' finger '"). The ordinary digit is one twelfth of a span (vifasti), or one 
twenty-fourth of a cubit (hasta): if made according to this measure, then 
the gnomon would be about nine inches long. Doubtless the first gnomons 
were of such a length, and the rules of the gnomonic science were con- 
structed accordingly, '' twelve '" and ** the gnomon '' being used, as they 
|J. nre used everywhere in this treatise, as convertible terms: thus twelve 
I q digits became the unvarying conventional length of the staff, and all 
— — measurements of the shadow and its hypothenuse were made to correspond. 
— How the digit was subdivided, we have nowhere any hint. In determining 
the directions, the same method was employed which is still in use; namely, 
that of marking the points at which the extremity of the shadow, before 
e Es. und after noon, crosses a circle described about the base of the gnomon; 
- . these points being, if we suppose the sun's declination to have remained 
n T: the same during the interval, at an equal distance upon either side from 
— * — the meridian line. In order to bisect the line joining these points by, 
another at right angles to it, which will be the meridian, the Hindus draw 
the figure which is called here the “ fish ” (matsya or timi); that is to 
X say, from the two extremities of the line in question as centres, and with 

a radius equal to the line itself, arcs of circles are described, cutting one 
another in two points. "The lenticular figure formed by the two arcs is the 
, * fsh; d through the points of intersection, which are called (in the com- 
 mentary) the `° mouth '" and ** tail," a line is drawn, which is the one 
required, The meridian being thus determined, the enst and west line, 
oat. j thoso for the intermediate points of directions, are laid down from 
t, by a repetition of the same process. A square (cafurasra, ** having four 
"orners '') is then farther described about the general centre, or about a 


 eirele drawn about that centre, the eastern and western sides of which 
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are divided into digits; its use, is, to nid in ascertaining the  '' bas 
( hhuja) of any given shadow, which is the value of the latter when projected 
upon a nor h and south line (see below, vv. 23-25); the square is drawn, as 
à X un..." f T» * ° 
Iu 
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k: F explained by the commentary, in order to insure the correctness of the 
—. Projection, by a line strictly paraljel to the east and west line. 
The figure (Fig. 9) given below, under verse 7, will illustrate the 
form of the Hindu dial, as described in this passage. 


The term used for ** gnomon ” is canku, which means simply 
"Uo staff." For the shadow, we have the common word chdyd, '' shadow,” 
and also, in many places, prabhá and bhd, which properly signify the very 
opposite of shadow, namely '' light, radiance:'' it is dificult to see how 
they should eome to be used in this sense; so far ns we are aware, they 
are applied to no other shadow than that of the gnomon. 
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6. The east and west line is called the prime vertical (sama- 
mandala) ; it is likewise denominated the east and west hour circle 
(unmandala) and the equinoctial circle (vishuvanmandala), 


The line drawn east and west through the base of the gnomon may 
be regarded as the line of common imtersection at that point of three 
great circles, as being a diameter to each of the three, and as thus entitled 
to represent them all. These circles are the ones which in the last figure 
(Fig. 8, p. 101) are shown projected in their diameters ZZ’ PP’ and EI; 
the centre C, in which the diameters intersect, is itself the projection of 
the line in question here. ZZ represents the prime vertical, which is 
styled samamandala, literally `' even circle: " PP’ is the hour circle, 
or circle, of declination, which passes through the east and west points of 
the observer's horizon; it is called unmandala ‘* up-circle '"—that is to 
sav, the circle which in the oblique sphere is elevated; EE’ finally, the 
equator, has the name of vishuvanmundala, or vishuvadurtta, ** circle of 
the equinoxes;'" the equinoctial points themselves being denominated 
vishuvat, or vishuva, which may be rendered '' point of equal separation.” 
The same line of the dial might be regarded as the representative in like 
manner of a fourth circle, that of the horizon (kskitija), projected, in the 
ñgure, in SN: hence the commentary adds it also to the other three; it is 
omitted in the text, perhaps, because it is represented by the whole circle 
drawn about the base of the gnomon, and not by this diameter alone. 


The specifications of this verse, especially of the latter half of it, are 

of little practical importance in the treatise, for there hardly arises a 
case, in any of its calculations, in which the east and west axis of the 
dial comes to be taken as standing for these circles, or any one of then. 
In drawing the base (bhuja) of the shadow, indeed, it does represent the 

plane of the prime vertienl (see below. under vv. 23-25); but this is 

not distinctly stated, and the name of the prime vertical (samamandala) 

occurs in only one other passage (below, v. 26): the enst and west hour- 

_eirele (unmandala) is nowhere referred to again: and the equator, as 
= Ñ 
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= will be seen under the next verse, is properly represented on the dial, 
not by its east and west axis, but by the line of the equinoctial shadow. 


n 


md ^. 
* 
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E (iP Draw likewise an east and west line through the extre- 
me 23 mity of the equinoctial shadow (rishuvadbhé) ; the interval be- 
~ tween any given shadow and the line of the equinoctial shadow is 


a —— the measure of amplitude (agrá). 
kasa 
BERG... The equinoctial shadow is defined in s subsequent passage (vv. 12. 
> T 13) it is, as we have already had occasion to notice (under ii. 61-63). 
| the shadow cast at mid-day when the sun is at either equinox—that is 
to say, when he is in the plane of the equator. Now as the equator is 
— circle of diurnal revolution, the line of intersection of its plane with 
that of the horizon will be an east and west line; and since it is also a 
CV . great circle, that line will pass through the centre, the place of the 
|. observer: if, therefore, we draw through the extremity of the equinoctial 
E — shadow a line parallel to the east and west axis of the dial, it will repre- 
-—- — sent the intersection with the dial of an  equinoetial plane passing 
^ |. through the top of the gnomon, and in it will terminate the lines drawn 
x E through that point from any point in the plane of the equator; and 
E hence, it will also coincide with the path of the extremity of the shadow 
j - - on the day of the equinox. Thus, let the following figure (Fig. 9) repre 
1 sent. the plane of the dial, NS and EW being its two uxes, and b the ` 
base of the gnomon: and let the shadow cast at noon when the sun is 
E upon the equator be. 
in a given latitude, be: 
A. then be is the equinoc- 
"d tial shadow, and QQ’, 
drawn through e and 
parallel to EW, is the 
path of the equinoctial 
shadow, being the line in 
which a ray of the sun, 


ES (le a 
2 ë E plane of he equat or, 
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passing through the top 
i of the  gnomon, will 
4 meet the face of the dial 
In the figure as given. 
hams? b» A" - the circle is supposed to 
xl about e base of the gnomon with a radius of forty digits, 
š di on of ihe eastern and western sides of the cireumseribing 
Md in measuring the base (bhuja) of the shadow, is indicated : 
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the length given to the equinoctial shadow corresponds to that which it 
has in the latitude of Washington. 


It is not, however, on account of the coincidence of QQ’ with the 
path of the equinoctin] shadow that it is directed to be permanently 
drawn upon the dial-face: its use is to determine for any given shadow 
its agrá, or mensure of amplitude. Thus, let bd, bd’, bk, bl, bm, be 
shadows cast by the gnomon, under various conditions of time and dec- 
lination: then the distance from the extremity of each of them to the 
line of the equinoctial shadow, or de, d'e, ke’, le", me’ respectively, is 
denominated the agrá of that shadow or of that time. 

The term agrá we have translated “ measure of amplitude," because 
it does in fact represent the sine of the sun's amplitude—understanding 
by '' amplitude '' the distance of the sun at rising or setting from the 
east or west point of the horizon—varying with the hypothenuse of the 
shadow, and always maintaining to tbat hypothenuse the fixed ratio of 
the sine of amplitude to radius. That this is so, is assumed by the text 
in its trentment of the agrá, but is nowhere distinctly stated, nor is the 
commentator at the pains of demonstrating the principle. Since, how- 
ever, it is not an immediately obvious one, we will take the liberty of 
giving the proof of it. 

In the annexed figure (Fig. 10) let C represent the top of ine 
gnomon, and let K be any given position of the sun in the heavens. 
From K draw KB' at right angles to the plane of the prime vertical, 
meeting that plane in B’, and let the point of its intersection with 


Fig. 10. 





RS Y 


the plane of the equator be in F. Join KC, FC, and BC. Then 
KC is radius, and E/K equal to the sine of the sun's amplitude: for 
if. in the sun's daily revolution, the point K is brought to the horton, 
EB will disappear, KE/C will become a right angle, KCE’ will be the 
amplitude, and E/K its sine; but, with a given declination, the value 
of EK remains always the same, since it is n line drawn in n constant 
direction between two parallel planes, that of the circle of declination - 
4nd that of the equator. Now conceive the three lines intersecting in 
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C to be produced until they meet the plane of the dial in 6’, e’, and k 
respectively; these three points will be in the same straight line, being 
in the line of intersection with the horizon of the plane KB'C produced, 
and this line, b'k, will be at right angles to B'b', since it is the line of 
intersection of two planes, each of which is at right angles to the plane 
of the prime vertical, in which B’b’ lies. KB’ and kb’ are therefore parallel, 

and the triangles CE/K and Ce'k are similar, and e'k: Ck:: EK: CK. 
But Ck is the hypothenuse of the shadow at the given time, and e/k is 
— the agrá, or measure of amplitude, since c', by what was said above. is 
in the line of the equinoctial shadow; therefore meas. ampl.: hyp. 
shad. :: sin ampl.: R. Hence, if the declination and the latitude, which 
together determine the sine of amplitude, be given, the measure of 
amplitude will vary with the hypothenuse of the shadow, and the measure 

a of umplitude of any given shadow will be to that of any other, as the 

— hypothenuse of the former to that of the latter. 

, The lettering of the above figure is made to correspond, as nearly as 

- may be, with that of the one preceding, and also with that of the one 

given later, under verses 13 and 14, in either of which the relations of 
the problem may be farther examined. 

There are other methods of proving the constancy of the ratio borne 
by the measure of amplitude to the hypothenuse of the shadow, but we 
have chosen to give the one which seemed to us most likely to be that 

= by which the Hindus themselves deduced it. Our demonstration is in 
~ — One respect only liable to objection ns representing A Hindu process— 
— | dt is founded, namely, upon the comparison oi oblique-angled triangles, 

— which elsewhere in this treatise are hardly employed at all. Still, 
| although the Hindus had no methods of solving problems excepting in 
right-angled trigonometry, it is hardly to be supposed that they refrained 
from deriving proportions from the similarity of oblique-angled triangles. 
— The principle in question admits of being proved by means of right-angled 
|. triangles alone, but these would be situated in different planes. 

— » - Why the line on the dial which thus measures the sun's amplitude 
> is called the agrd, we have been unable thus for to discover. 'The word, 
wet a feminine adjective (belonging, probably, to rekhá, '' line," understood), 
ma | literally means '' extreme, first, chief." Possibly it may be in some way 
—— connected with the use of antyd, “° final, lowest," to designate the line 
Eg or EG (Fig. 8, p. 101): see below, under v. 35. The sine of ampli- 

Gude itself, aC or AC (Fig. 8), is called below (vv. 27-80) agrajyá. 

^. 8. The square root of the sum of the squares of the gnomon 
1 | the hypothenuse : if from the square of the latter 
t subtracted, the square root of the 
F remainde gnomon is found by the converse 
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This is simply an application of the familiar rule, that in a right- 
angled triangle the square of the hypothenuse is equal to the sum of the 
squares of the other two sides, to the triangle produced by the gnomon 
as perpendicular, the shadow as base, and the hypothenuse of the shadow, 
the line drawn from the top of the gnomon tó the extremity of the shadow, 
as hypothenuse. 

The subject next considered is that of the precession of the equinoxes. 

9. In an Age (yuga), the circle of the asterisms (bha) falls 
back eastward thirty score of revolutions. Of the result obtained 
after multiplying the sum of days (dyuqana) by this number, and 
dividing by the number of natural days in an Age, 

10. Take the part which determines the sine, multiply it by 
three, and divide by ten; thus are found the degrees called those 
of the precession (ayana). From the longitude of a planet as 
corrected by these are to be calculated the declination, shadow, 
ascensional difference (caradala), etc. 

11. The circle, as thus corrected, accords with its observed 
place at the solstice (awana) and at either equinox ; it has moved 
eastward, when the longitude of the sun, as obtained by caleu- 
lation, is less than that derived from the shadow, 

12. By the number of degrees of the difference ; then, turning 
back. it has moved westward by the amount of difference, when 
the calculated longitude is greater. . . . 

Nothing could well be more awkward and confused than this mode of 
stating the important fact of the precession of the equinoxes, of describing 
its method and rate, and of directing how its amount at any time is to be 
found. The theory which the pnssage, in its present form, is actually 
intended to put forth is as follows: the vernal equinox librates westward 
and eastward from the fixed point, sear Piscium, nssumed as the com- 
mencement of the sidereal sphere—the limits of the libratory movement 
being 27° in either direction from that point, and the time of a complete 
revolution of libration being the six-hundredth part of the period called 
the Great Age (see above, under 1. 15-17), or 7200 yenrs; so that the 
annual rate of motion of the equinox is 54”. We will examine with some 
enre the language in which this theory is conveyed, as important results 
are believed to be deducible from it. 

The first half of verse 9 professes to teach the fundamental fact of 
the motion in precession. The words bhdndm cakram, which we have 
rendered “' circle of the asterisms,”” ie, the fixed zodiac, would admit of . 

being translated '' circle of tho signs,” i.e., the movable zodiac, as 
reckoned from the aete l equinox, since bha is used in this treatise in 
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either sense. But our interpretation is shown to be the correct one by 
— the directions given in verses 11 and 12, which teach that when the sun's 
1g calculated longitude—which is his distance from the initial point of the 
m fixed sphere—is less than that derived from the shadow by the process 
= to be taught below (vv. 17-19)—which is his distance from the equinox 
— {he circle has moved eastward, and the contrary: it is evident, then, 
E that the initial point of the sphere is regarded as the movable point, 
— and the equinox as the fixed one. Now this is no less strange than in- 

~ consistent with the usage of the rest of the treatise. Elsewhere f P's- 

—— eium is treated as the one established limit, from which all motion com- 
) .. menced at the creation, and by reference to which all motion is reckoned, 
E. while here it is made secondary to a point of which the position among 
the stars is constantly shifting, and which hardly has higher value than 
. & node, as which the Hindu astronomy in general treats it (see p. %98). 
| The word used to express the motion (lambate) is the same with that 
employed in a former passage (i. 25) to describe the eastward motion of 
š the planets, and derivatives of which (as lamba, lambana, ete.) are not 
5 infrequent in the astronomical language; it means literally to '' lag, hang 
* 


tá 


— baek, fall behind:'' here we have it farther combined with the prefix 
pari, ` about, round about,” which seems plainly to add the idea of a 
|J. complete revolution in the retrograde direction indicated by it, and we 
RA have translated the line accordingly. ‘This verse, then, contains no hint 
Teor 4 libratory movement, but rather the distinct statement of a contin- 
E. uous enstward revolution. It should be noticed farther, although the 
i circumstance is one of less significance, that the form in which the 
number of revolutions is stated, tringatkrfyas, '" thirty twenties," has no 
lel in the usage of this Siddhanta elsewhere. 
We may nlso mention in this connection that Bháskara, the great 
astronomer of the twelfth century, decleres in his Siddhanta- 
omani (Golàdh., vi. 17) that the revolutions of the equinox are given 
by the Sürya-Siddhánta as thirty in an Age (see Colebrooke, As. Res., 
xii, 209, etc.; Essays, ii. 874, ete., for a full discussion of this passage 
and its bearings); thus not only ignoring the theory of libration, but 
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— As regards this latter point, however, the change of a single letter 
ni um ern reading (substituting trincatkrtvas, '' thirty times," for 
y d '" thirty twenties '") would make it accord with Bhåskara s 
— vi . We shall return again to this subject. 









"3. 


Ex `. Tt number of revolutions, of whatever kind they may be, being 600 


SET in the position at any given time of the initial point of the 
phe referen mce to the equinox is found by a proportion, as follows: 


iumber of days in an Age is to the number of revolutions in the 
od, = y is the given “~ sum of days '' (see above, under i. 48-51) 
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Saka " a D = yS 
E to the revolutions and parts of a re 

|J. given time. "Thus 






" 





| volution accomplished down to the 

given ' , let us find, in illustration of the process, the amount 

= of precession on the first of January, 1860. Since the number of years 

_ elapsed before the beginning of the present Iron Age (kali yuga) is divisible 

= by 7200, it is unnecessary to make our calculation from the commence- 
ment of the present order of things: we may take the sum of days since ` 

£ | the current Age began, which is (see above, under i. 53) 1,811,945. Hence 
| the proportion 


x. 






AG 
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1,577,917,8284 : GOO’ :: 1,811,0454 : Oree —— 
gives us the portion accomplished of the current revolution. Of this 
we are now directed (v. 10) to take the part which determines the sine 
(dos, or bhuja—for the origin and meaning of the phrase, see above, under 
ii, 29, 80). This direction determines the character of the motion as 
libratory. For a motion of 91°, 92°, 93°, etc., gives, by it, a precession 
89°, 88°, 87^, ete.; so that the movable point virtually returns upon its 
own track, and, after moving 180° has reverted to its starting-place. So 
its farther motion, from 180° to 270°, gives a precession increasing from 
O° to 90° in the opposite direction; and this, again, is reduced to 0^ by ` 
the motion from 270° to 360°. It is as if the second and third quadrants 
were folded over upon the first and fourth, so that the movable point can 
never. in any quadrant of its motion, be more than 90° distant from the 
fixed equinox. Thus, in the instance taken, the bhuja of 248° 2’ 8".9 is — 
its supplement, or 68° 2' 8".0; the first 180° having only brought the 
movable point back to its original position, its present distance from that 
position is the excess over 180° of the are obtained as the result of the = 
first process, But this distance we are now farther directed to multiply ` 
by three and divide by ten: this is equivalent to reducing it to the measure — 
of an are of 27°, instead of 90°, as the quadrant of libration, since ` £ 
3: 10:: 27: 90. This being done, we find the actual distance of the initinl ' Pt 
point of the sphere from the equinox on the first of January, 1800. to be — 


it would even be a fair and strictly legitimate deduction from verse A SUN 
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direction from the actual one. We have already remarked above that thers - 












"- inst Brazen Age, and the process of calculation has shown that we are 
ne now in the third quarter of a new period, and in the third- 
. current revolution. Therefore, if the revolution is an ea 
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| taught in the text, only taking place upon a folded circle, so as to be 
Po made libratory, the present position of the movable point, £ Piscium, 
š . ought to be to the west of the equinox, instead of to the east, as it actually 
m is. It was probably on account of this unfortunate flaw in the process, 
— that no rule with regard to the direction was given, excepting the experi- 
. mental one contained in verses 11 and 12, which, moreover, is not properly 

supplementary to the preceding rules, but rather an independent method 
— of determining, from observation, both the direction and the amount of 
— the precession. In verse 12, it may be remarked, in the word dortya, 
MES * turning back,” is found the only distinct intimation to be discovered in 


£ , “a 
Hir, e 
"T >= 


S 


~ the passage of the character of the motion as libratory. 
F We have already above (under ii. 28) hinted our suspieions that the 
ia | phenomenon of the precession was made no account of in the original 
i composition of the Strya-Siddhanta, and that the notice taken of it by 
— the treatise as it is at present is an afterthought: we will now proceed 
re to expose the grounds of those suspicions. 
* It is, in the first place, upon record (see Colebrooke, As. Res., xii. 
j 215; Essays, ii. 380, etc.) that some of the earliest Hindu astronomers were 
b ignorant of, or ignored, the periodieal motion of the equinoxes; Brahma- 
P gupta himself is mentioned among those whose systems took mo account 
En of it; it is, then, not nt all impossible that the Sürva-Siddhánta, if an 























nncient work, may originally have done the same. Among the positive 
evidences to that effect, we would first direct attention to the significant 
' fact that, if the verses at the head of this note were expunged, there 
~ would not be found, in the whole body of the treatise besides, a single 
hint of the precession. Now it is not a little dificult to suppose that a 
phenomenon of so much consequence as this and which enters as an 
element into so many astronomical processes, should, had it been borne 
— distinctly in mind in the framing of the treatise, have been hidden away 
thus in a pair of verses, and unacknowledged elsewhere—no hint being 
T J given, in connection with any of the processes taught, as to whether the 
y correction for precession is to be applied or not, and only the general 
E directions tnined in the latter half of verse 10, and ending with on 
1S ete., being even here presented. It has much more the aspect ot an 
after-thought, a correction found necessary at a date subsequent to the 
ori inal composition, and therefore inserted, with orders to “apply ìt 
E wherever it is required.” The place where the subject is introduced 
to do with a revolution, as entering into 
it should have found a place where 
and even in the second 
it would 
twelfth 
in terms 
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Strya-Siddhdnta 


š dependent upon their times of revolution, such an orbit is assigned to 
the nsterisms (v. 88) as implies a revolution once in sixty yeurs: it is, indeed 
very difficult to see what ean have been intended by such a revolution * 
this; but if the doctrine respecting the revolution of the asterisms given 
in verse 9 of this chapter had been in the mind of the author of the 
twelfth chapter, he would hardly have added another and a conflicting 
statement respecting the same or a kindred phenomenon. It appears to 
us even to admit of question whether the adoption by the Hindus of the 
sidereal year as the unit of time does not imply a failure to recognize 
the fact that the equinox was variable. We should expect, at any rate, 
that if, at the outset, the ever-increasing discordance between the solar 
and the sidereal year had been fully taken into account by them, they | 
. would have more thoroughly established and defined the relations of the 
two, and made the precession a more conspicuous feature of their general | 





system than they appear to have done. In the construction of their 
cosmical periods they have reckoned by sidereal years only, at the same 
time assuming (as, for instance, above, i. 13, 14) that the sidereal year is 
composed of the two ayanas, ‘* progresses '" of the sun from solstice to 
egistice. The supposition of sn after-correction likewise seems to furnish 
the most satisfactory explanation of the form given to the theory of the 
precession. The system having been first constructed on the assumption 
of the equality of the tropical and sidereal years, when it began later to 
uppear, too plainly to be disregarded, that the equinox had changed its 
place, the question was how to introduce the new element. Now to assign 
to the equinox a complete revolution would derange the whole system, 
acknowledging a different number of solar from sidereal years in the chrono- 
logical periods; if, however, a libratory motion were assumed, the equili- 
brium would be maintained, since what the solar year lost in one part of 
the revolution of libration it would gain in another, and so the tropical and 
sidereal years would coincide, in number and in limits, in each great 
period. The circumstance which determined the limit to be assigned to 
the libration we conceive to have been, us suggested by Bentley (Hind. 
Ast., p. 192), that the earliest recorded Hindu year had been made to begin 
when the sun entered the asterism Krttikà, or was 26° 40' west of the 
point fixed upon as the commencement of the sidereal sphere for all time 
(see above, under i. 27), on which account it was desirable to make the 
are of libration include the beginning of Kritika. 

Besides these considerations, drawn from the general history of the 
Hindu astronomy, and the position of the element of the precession in 
the system of the Sirya-Siddhanta, we have still to urge the blind and 
incoherent, as well as unusual, forrn of statement of the phenomenon, 
as fully exposed above. There is nothing to compare with it in this 
respect in any other part of the treatise, and we are unwilling to believe 
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ES that in the original composition of the Siddhinta a clearer explanation, 
and one more consistent in its method and language with those of the 
— treatise generally, would not have been found for the subject. We even 
| discover evidences of more than one revision of the passage. The first 
* half of verse 9 so distinctly teaches, if rend independently of what follows 
- dt, a complete revolution of the equinoxes, that, especially when taken in 
. connection with Bháskara's statement, as cited above, it almost amounts 
2 to proof that the theory put forth in the Sürya-Siddhánta was at one 
time that of a complete revolution. The same conclusion is not a little 
strengthened, farther, by the impossibility of deducing from verse 9. 
. through the processes prescribed in the following verses, a true expression 
for the direction of the movement at present: we can see no reason why, 
. if the whole passage came from the same hand, at the same time, this 
difficulty should not have been avoided; while it is readily explainable 
|. upon the supposition that the libratory theory of verse 10 was added as nn 
amendment to the theory of verse 9, while at the same time the language 
E ue latter was left as nearly unaltered as possible. 


— 
y? * There seems, accordingly, sufficient ground for suspecting that in the 
= *Shrya-Siddhanta, as originally constituted, no account was taken of the 
= precession; that its recognition is a later interpolation, and was made 
at first in the form of a theory of complete revolution, being afterward 
— altered to its present shape. Whether the statement of Bbáskara truly 
s . represents the earlier theory, as displayed in the Sürya-Siddhánta of his 
ne, we must leave an undetermined question. The very slow rate 
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| over the whole duration of the present Age, since B.C. 3102. 

D E In his. own astronomy, Bhaskara teaches the complete revolution 
"T of the equinoxes, giving the number of revolutions in an Eon (of 
Y ^i 4 ; | 000 years) os 199,669; this makes the time of a single revolu- 
tion to be 21,635.8073 years, and the yearly rate of precession 59*".9007. 
rate with such exactness as would give precisely the odd number of 


19,669 revolutions to the Jon; the number doubtless stands in some 
the other elements of 


* 


relation which we do not nt present comprehend to 

istronomical system. Bhaskara’s own commentators, however, reject 
theory, and hold to that of a libration, which has been and is altogether 
E Rete te Ee rar ` 






the prev Š rine throughout India, nnd seems to have made its way 
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4 ace into the Arabian, and even into the early European astronomy (aee 
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130, ete.) that the libration of the equinoxes is taught 







— - S aa - . 
Sürya-Siddhánta 
- Bentley, it may be remarked here altogether denies (Hind, Ast., p. 

in the Sürya- 
Siddhanta, maintaining, with arrogant and unbecoming depreciation of 
those who venture to hold a different opinion, that its theory is that of 
^ continuous revolution in an epicycle, of which the 
equal to 108° of the zodinc. In truth, however, Bentley's own theory 
derives no color of support from the text of the Siddhanta, and is besides 
in itself utterly untenable. It is not a little strange that he should not 
have perceived that, if the precession were to be explained by a revolu- 
tion in an epieycle, its rate of increase would not be equable, but as the 
increment of the sine of the are in the epicycle traversed by the mova- 
ble point, farther varied by the varying distance at which it would be 
seen from the centre in different parts of the revolution; and also that, 
the dimensions of the epieyele being 108°, the amount of precession 
would never come to equal 27°, but would, when greatest, fall short of 
18^. being determined by the radius of the epicycle. Bentley's whole 
treatment of the passage shows a thorough misapprehension of its mean- 
ing and relations: he even commits the blunder of understanding the 
first half of verse 9 to refer to the motion of the equinox, instead of to 
that of the initial point of the sidereal sphere. 


circumference is 


Among the Greek astronomers, Hipparchus is regarded as the first 
who discovered the precession of the equinoxes; their rate of motion, 
however, seems not to have been confidently determined by him, although 
he pronounces it to be at any rate not less than 367 yearly. For a thorough 
discussion of the subject of the precession in Greek astronomy see 
Delambre’s History of Ancient Astronomy, ü. 247, etc. From the obser- 
vations reported as the data whence Hipparchus made his discovery, 
Delambre deduces very nearly the true rate of the precession, Ptolemy, 
however, was so unfortunate as to adopt for the true rate Hipparchus's 
minimum, of 360" a year: the subject is treated of by him in the seventh 
book of the Syntaxis. The actual motion of the equinox at the present 
time is 50".25 . its rate is slowly on the increase, having been, at the 
epoch of the Greek astronomy, somewhat less than 50". How the pur. 
succeeded in arriving at n determination of it so much more accurate than 
was made by the great Greek astronomer, OF whether it was anything more 
than a lucky bit on their part, we will not attempt here to discuss. 

The term by which the precession is designated in this — 
awanánça, '' degrees of the awana.” The latter word is employe oa: 
different senses: by derivation, it means simply "° gomg, progress, " 
4 seems to have been first introduced into the astronomical oe peal 
designate the half-reyolutions of the sun, from solstice E em ed 
being called respectively (see xiv. 9) the uttardyapa es * 
‘+ northern progress ' and '' southern progress. From this use 
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° transferred to denote also the solstices themselves, a5 we have trans- 
„it in the first half of verse 11. In the latter sense we conceive 
* be employed in the compound a yanánca; although why the name 
“of the precession should be derived from the solstice we are unable clearly 
gee. The term kránlipátagati, ‘* movement of the node of declination,” 
which is often met with in modern- works on Hindu astronomy, does not 
occur in the Sirya-Siddhanta. à 
TA. Injlika manner, the equatorial shadow which 1s 
P cast at mid-day at one's place of observation. 

134 Upon the north and south line of the dial—that is the 
x equinoctial shadow (vishuvatprabhdé) of that place. . 

The equinoctial shadow has been already sufficiently explained, in 


connection with a preceding passage (ubove, v. 7). In this treatise it 15 
| y by names formed by combining one of the words for shadow 


— Eu bhá, prabhá), with vishuvat, “ equinox " (see above, under v. 
* a s: In modern Hindu astronomy it is also called akshabhd, ** shadow of 
f- E latitude ' '—i.e., which determines the latitude—and palabhd, of which, 
— as wis R this sense, the menning is obscure. 

d E (0713... . . Radius, multiplied respectively by gnomon and 
E. shadow, an and divided by the equinoctial hypothenuse, 

— 14. Gives the sines of co-latitude (lamba) and of latitude 


E sho): the cogna ne arcs are co-latitude and latitude, 


X x ways south. 
t ions “upon which these FA are founded are illustrated 


J im following figure (Fig. 11), im which, as in a previous figure (Fig. 8, 

B wl EAS. ibm a quadrant "s the meridian, Z being the zenith 

| and Š the south point, C 
‘Fig: 11. 










being the centre, and EC 
the projection of the plane of 
the equator. In order to 
illustrate the corresponding 
relations of the dial, we 
have conceived the gnomon, 
Cb, to be placed at the 
centre. Then, when the sun 
is on the meridian and in 
the equator, at E, the 
shadow cust, which is the 
equinoctial shadow, is be, 
while Ce is the correspond- 
ing hypothenuse. But, by 
similarity of triangles, 
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- and as BE is the sine of EZ, which equals the latitude, and CB the 






—--sine of ES, its complement, the reduction of these proportions to the 
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vi 


- form of equations gives the rules of the text. * 


5 44. . . . The mid-day shadow is the base (bhuja) ; if radius 
L “PO multiplied by that, | 

15. And the product divided by the corresponding hypothe- 
use, the result, converted to arc, is the sun's zenith-distance 
(nata), in minutes: this, when the base is south, is north, and 
when the base is north, is south. Of the sun's zenith-distance 
and his declination, in minutes, 
~ 16. Take the sum, when their direction is different—the 
difference, when it is the same; the result is the latitude, in 
minutes. From this find the sine of latitude ; subtract its square 
from the square of radius, and the square-root of the remainder. 

li. Is the sine of co-latitude. . . . 

This passage applies to cases in which the sun is not upon the equator, 
but has a certain declination, of which the amount and direction are” 
known. "Then, from the shadow cast at noon, may be derived his zenith- 
distanee when upon the meridian, and the latitude. Thus, supposing 
the sun, having north declination ED (Fig. 11), to be upon the meridian, 
"nat D: the shadow of the gnomon will be bd, and the proportion 

| Cd: dh: : CD: DB" ^3 
gives DB", the sine of the sun's zenith-distanee, ZD, which is found 
from it by the conversion of sine into are by a rule previously given 
(i, 99). ZD im this ense being south, and ED being north, their sum, 
EZ. is the latitude: if, the declination being south, the sun were at D', 
the difference of ED! and ZD! would be EZ, the latitude. The figure 














does not give an illustration of north zenith-distance, being drawn for Sime: 
the latitude of Washington, where that is impossible, The“ latitude — 


being thus ascertained, it is easy to find its sine and cosine: the only 
thing which deserves to be noted in the process js that, to find the co- 


sine from the sine, resort is had to the laborious method of squares, “= 
‘instead of taking from the table the sine of the complementary nre, Or — — 
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| EU. The sine of latitude, multiplied by twelve, and 
divided by the sine of co-latitude, gives the equinoctial shadow. . . . 


L0 That is (Fig. 11) i 
e bou > | BC: BE: : Cb: be LEER 
the value of the gnomon in digits being substituted in the rule for theo ~ 


gnomon itself. 

17. .. . The difference of the latitude of the place of obser- i 
vation and the sun’s meridian zenith-distance in degrees (nata- 
- bhágás), if their direction be the same, or their sum, 
^ 18. If their direction be different, is the sun's declination : 
if the sine of this latter be multiplied by radius and divided by the 
sine of gmeatest declination, the result, converted to arc, will be 


t 1e sun's longitude, if "he is in the quadrant commencing with 

les; | 

——- 19. ITfin that commencing with Cancer, subtract from a half- 

EE orcle; if in that commencing with Libra, add a half-circle ; if in 
that c mmencing with Capricorn, subtract from a circle : the re- 

sult, in each case, is the true (sphuta) longitude of the sun at 


#80. To this if the equation of the apsis Gmdnda phala) be 


repeatedly applied, with a contrary sign, the sun's mean longitude 


will be found. . . . 
8 This passage teaches how, when the latitude of the observer is 
sun’s declination, and his true and mean longitudes, may be 
The several parts of 
e converse of processes previously given, 


x require no explanation. To find the  sun's declination from his 
meridian genith-distance and the latitude (reckoned as south, by v. 14), 
he rule g al . is inverted; the true longitude 
n of the method taught in 
| sun may be 
cording to the principle of ii. 80: and finally, the mean may be derived 
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fron “the true longitud by a method of successive approximation, 
ing n reverse the equation of the centre, as calculated by ii. 39. 
P I is hardly necessary to remark that this is a very rough process for 
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nscertainir the sun's longitude, and could give, especially 

















the process are all of them th 
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"e indu observers, resulte only distantly approaching to accuracy. 
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1d the sun's declinati on, if their direction is the same, or, 
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` ' 21. Is the sun's mendian zenith-distance (natáncás) ; of that F 
- find the base-sine (bahujyd) and the perpendicular-sine (kolijyá). 
W, then, the base-sine and radius be multiplied respectively by 








7 the measure of the gnomon in digits, 
NES. 22. And divided by the perpendicular-sine, the results are 
q the shadow and hypothenuse at mid-day. 


s ^ ` “The problem here is to determine the length of the shadow which 4 
n MR will be cast at mid-day when the sun has a given declination, the latitude 
d ot the observer being also known. First, the sun’s meridian zenith- | 
‘distance is found, by a process the converse of that taught in verses 15 and ç 
16; then, the corresponding sine and cosine having been calculated, a 
simple proportion gives the desired result. Thus, let us suppose the sun. 
| to be at D' (Fig. 11, p. 121); the sum of his south declination. BD se) 
— and the north latitude, EZ, gives the  zenith-distance, ZD': its sine 
(bhujajyd) is D'B", and its cosine (kotijyd) is CB", Then 
3 CB": B"TY:: Cb; bd' 
e and "CB": CD':: Cb: Cd! 
+ which proportions, reduced to equations, give the value of bd’, the shadow. 
and Cd’, its hypothenuse. 


- 929. . . . The sine of declination, multiplied by the equinoc- - 
tial hypothenuse, and divided by the gnomon-sine (cankujivd), 
93. Gives, when farther multiplied by the hypothenuse of 
"any given shadow, and divided by radius (madhyakarna), the sun's 
» measure of amplitude (arkágrá) corresponding to that shadow. <=, 900 


In this passage we are taught, the declination being known, how to x 
find the mensure of amplitude (agrá) ol any given shadow, as preparatory — — 
to determining, by the next following rule, the base (bhuja) of the shadow, 
by calculation instead of measurement. The first step is to find the sine ` 

af the sun's amplitude: in order to this, we compare the triangles ABC 
and CEH (Fig. 13, p- 126), which are similar, since the angles ACB and I» 

= CEH are each equal to the latitude of the Observer. Hence p. $ 

T EH: EC:: BC: AC M 
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* But the triangles CEH (Fig. 13) and Obe (Fig. 911) nre also similar; | 
. and EH SEC: : Cb: Co - o E 
* of ratios, Cb: Ce: : BC: AC E 


= shadow ss the sine 
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» karya, '' half-diarneter, which is not found again; nor is karna often 


- mss in the sense of ** diameter ` in this treatise. 


not easy to discover. Verse 29 presents also n name for radius, madhya- 


Td 


— measure of amplitude (arlágrá), when the sun is in the southern 


— hemisphere, is the base, north ; 
LL 94. When the sun is in the northern hemisphere, the base is 


Pot ing to the. direction of the interval between the end of the shadow 
— and the east and west axis. . | 
— 285. The mid-day base is invariably the midday shadow... ` 






rses of this chapter, that the base (bhuja) of the shadow 1s its projee- 
on upon a north and south line, or the distance of its extremity from 
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wl the sun upon the plane of the prime vertical. Thus, if (Fig. 11, p. 121) 
= K, li, D', D be different positions of the sun—K and L being conceived to 
"be upon the surface of the sphere—the perpendiculars KB’, LB”, D'D*, 

"DB" are represented upon the dial by kb, Ib, d'b, db, or, in Fig. 9 

I j^ Ti Of these, the two latter coincide with their 
(Uc $ | ihe shadow cast at noon being always itself upon s 
Dino The base of any shadow may be found by combining 


p * its measure of amplitude (agrá) with the equinoetial shadow. When the 


„as at D' or K (Fig. 11), the measure 


E ` s 


o the equinoctin] shadow, 


be necessary, 
If he be south, 


, bd, wil be thrown northward, and the base will be 
foun ' sub ing the measure of amplitude, de, from the equinoctial 
shadow, be: if he be north, as at L, the extremity of the shadow, l, will 
ye sout 1 from the east and west axis, and the base, ôl, will be obtained 
ost jtracting the equinoetial shadow, be, from the measure of am pli- 
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ane No 7 TM dle. | 
= Multiply the sines of co-latitude and of latitude re- 
the equinoctial shadow and by twelve, 

divide y t ie sine of declination : the results are the 
hen he sun ison the prime vertical (samantandala). 








f Why the gnomon is in this passage called the '' gnomon-sine, it is 


ew Fy t * A. - - 
found, if north, by subtracting the measure of amplitude from - 
the equinoctial shadow ; if south, by a contrary process—accord- ` 


We have already had occasion to notice. in connection with the first | 


| ‘the east and west axis of the dial Tt is that line which, as shown above, 
—— (under v. 7), corresponds to and represents the perpendicular let fall trom 


93. . . . The sum of the equinoctial shadow and the aun me 
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A 4 NW en north declination is less than the latitude, then the mid-day 
| — ypothenuse (crava), 

T» 27. Multiplied by the equinoctial shadow, and divided by the 
mid-day measure of amplitude (agrá), is the hypothenuse. . . | 
Here we have two separate and independent methods of finding the ` 


A 





i | : 

~- hypothenuse of the east and west shadow cast by the sun at the moment ` 
«3 when he is upon the prime vertical. In connection with the second of 
me the two are stated the circumstances under which alone a transit of the 


* sun across the prime vertical will take place: if his declination is south, 
or if, being north, it is greater than the latitude, his diurnal revolution 
will be wholly to the south, or wholly to the north, of that circle. 


T The first method is illustrated by the following figures. Let VC"™ 
Fig. 12. (Fig. 12) be an arc of the prime vertical, 


V being the point at which the sun 
crosses it in his daily revolution; and 
let C? be the centre; then VC’ is radius, 
and VC the sine of the sun's altitude; 
and, C’/b being the gnomon, bọ will 
be the shadow, and C'v its hypothenuse. 
But, by similarity of triangles, 
' VC: VO: Ob: O'v 
Again, in the other figure (Fig. 13)—of which the general relations 
are those of Fig. 8 (p.101) 
—AD being the projeetion 
of the circle of the sun's 
diurnal revolution, and 
the point at which it 
crosses the prime vertical : 
being seen projected in 
V. VC is the sine of the 
sun's altitude at that =i 
point. But VCB. and = 
ECH are similar triangles, — 
the angles BVC and CEH 7. 
being each equal to the Lu 
latitude; hence el | 
VC: EC:: BC: CH 
Now the first of these ^W 
ratios is—since EC equals — — 
VC’, both being radius— 
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the same with the first ` 
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i x 3 | ? nc g therefore 
i E "d | JO: CH:: Cb: Cv 
: Ree sin. decl.: sin. lat.:: gnom.: hyp. pr. vert. shad. 


1 but ef sin. lat.: cos. lat.:: eq. shad.: gnom. 
— —— by combining terms, 
—— sin. decl.: cos. lat.:: eq. shad.: hyp. pr. vert. shad. 


w. 


—— and the reduétion of the first and third of these proportions to the form 
- of equations gives the rules of the text. 

The other method of finding the same quantity is an application of 
the principle demonstrated above, under verse 7, that, with a given dec- 
- lination, the measure of amplitude of any shadow is to that of any other 
T*hadow as the hypothenuse of the former to that of the latter. Now 
when the sun is upon the prime vertical, the shadow falls directly east- 


— west axis of the dial, and its measure of amplitude is equal to the equinoctial 
TU shadow. ‘Lhe noon measure of amplitude is, accordingly, to the hypo- 
* < henuse of the noon shadow as the equinoetial shadow to the hypothenuse™ 
- J of the shadow cast when the sun is upon the prime vertical. 


ES di 


being known—by a comparison of the similar triangles ABC and 
^H HE: EC:: BC: CA 

: cos. lat. ; R:: sin, decl.: sin. ampl. 

the proportion upon which is founded the rule in verse 28— namely, 

| radius to the sine of amplitude as the hypothenuse of a given shadow 
> the corresponding measure of amplitude—has been demonstrated under 
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ee) 0... If from half the square of radius the square of the 
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> (agrajyd) be subtracted, and the remainder multi- 


xc. 


Tae v 4 
f2g d 


aep x T ub 

a multiplied by twelve, and then farther divided 
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"ward or directly westward, and hence its extremity lies in the east and — 
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= 3. "Ts called the `' surd '' (karani) : this let the wise man set. 
— down in two places. Then multiply the equinoctial shadow by 
twelve, and again by the sine of amplitude, 
T 31. And divide as before: the result is styled the '' fruit "' 
~ (phala). Add its square to the ** surd," and take the square root 
— of their sum; this, diminished and increased by the % fruit," for 
the southern and northern hemispheres, 
p 32. Ts the sine of altitude (çanku) of the southern inter- 
— mediate directions (ridic); and equally, whether the sun's revolu- 
— tion take place to the south or to the north of the gnomon (canku) 
— —only, in the latter case, the sine of altitude is that of the north” 
3 ern intermediate directions. 
33. The square root of the difference of the squares of that 
and of radius is styled the sme of zenith-distance (drq).. If, then, 
the sine of zenith-distance and radius be multiplied respectively 
by twelve, and divided by the sine of altitude, 
^— 34. ‘The results are the shadow and hypothenuse at the angles 
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(kona), under the given circumstances of time and place. . . . N 
The method taught in this passage of finding, with a given declina- 
| tion and latitude, the sine of the sun's altitude at the moment when he 
crosses the south-east and south-west vertical’ circles, or when the shadowy | 
-of the gnomon is thrown toward the angles (kona) of the circumscribing — Ç 
1 square Of the dial, is, when stated algebraically, as follows: * 
| : » 
(yE*—sin* ampl.) x go sord. - 
kgn.t + cq. sb.* 
i eq. sh. x gn. x «n. ampl. fruit. add 
igo.” req. Ah. “yp w , 
/aurd + fruit + fruit = sin. alt., declination being norih. í e 
Vaurd + fruit" —fruit = sin. alt., declimation being south. E : 
"It is at once apparent that a próblem is here pr ted more compli- EC 






cated and difficult of solution than any with which ze Eck heretofore ` 
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had to do in the treatise, “he commentary gives. 
time, the notation and 























ADU 


— 







= 





f however, hd 





. |. k' peel 
x ' , d < ' YT "E = 
E ut A W 1 f» 4 s 
"f — E t , — LIS ' irt e. 1 Lm - me `. 
. a Í i P : w M ; í 
Dr 2 . . Pas ru E - ~ a E 1] - 
" i | M ) . 
p? c= É . 4 p | 2d 
"m e 
J -9 


f &. `= 
I e 
Jj i 
— AT. 
E ë a- í 
" w 
s 3 , 
n . 
EJ -u à 
Y 








































— 2 ue. 
à — m 
(Of Direction, Place, and Time 129 


— by means, namely, of the consideration of right-angled triangles, 
situated in the same plane, and capable of being represented by a single 


E" figure. We give below such a solution, which, we are persuaded, agrees 
Fig. 14. in all its main features with the pro- 

cess by which the formulas of the 
z text were originally deduced. 

Let ZEK be the south-eastern 
circle Gí altitude, from the zenith, Z, 
to the horizon, K; let E be its in- 
tersection with the equator, and D 
the position of the sun; and let Cb 
represent the gnomon. 

Since e is in the line of the equi- 
noetial shadow (see above, v. 7), and 
since be makes an angle of 45^ with 
either axis of the dial, we have 


| s bes=2 eq. sh.2, and —— betosg. 2 +2 eq. sh.? 

x. In like manner, de?—2 meas. ampl.? But the similar triangles 

Cde and CDE’ give Cd?: de": :CD* :DE'?; which. by halving the two 

CU  consequents, and observing the constant relation of Cd to the measure of 
RU amplitude (see above, under v. 7). gives R? : sin ampl. 2.. R?: 4DE/?: 

pinencs 4jDE/? —sin ampl.?, or DE/? —2 sin ampl.? 

" Now the required sine of altitude is DG. and DG—DH +HG= DH + 

^ Ti OG. And, obviously, the triangles DHI, DIE’, EFC, IJC, and Che are 

Eu similar. Then, from DHI and Che, we derive 


E DH:DI: :be : Ce 
x from m DIE/ and C Cbe, DI: DE’: :Cb :Ce 


d, by com ining terms, DH : :- DE! : :be x Cb :Ce* 


j. x x «^2. ain ampl. 79: „ah. x gn. x sin ampl. 
: B. — #k&go." * eq. sh.” iren. 

— from DHI — EFC, we derive 
7 KE " 1H2- :DI? : : EF?: :EC? 
FC, 1J2:1C? : PTT : Ic? 
ling the terms of the equal ratios, and observing that 
, and DI? 1C? — DO? — EC*, we have 

qu ES - JH: -EC?2: - BF? : Ec? 
m 72, C Hance IJ2=JH2—IH2=EEF2-IH2= EF? -DI* + DH? 
C and Che are derived 
d Ce? : Cb? : EC? - EF? 

"o9 Cb”; . ;DE/? Jm 
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But, as was shown above, IJ? — EF? — DI? + DH? =surd + fruit? 
and «surd + fruit? + fruit=IJ + DH =DG =sine of altitude. 








When declination is south, so that the sun crosses the circle of altitude 


at D', IH’, the equivalent of DH, is to be subtracted from IJ, to give 
D'G', the sine of altitude. 


The correctness of the Hindu formulas may likewise be briefly and 

succinctly demonstrated by means of our mcdern methods. Thus, let 

Fig. 15. PZS (Fig. 15) be n spherical triangle, of which 

z. the three angular points are P, the pole, Z, 

the zenith, and S, the place of the sun when 

upon the south-east or the south- west vertical 

=- circles; PZ, then, 1s the co-latitude, ZS the 

s P gzenith-distance, or co-altitude, and PS the 

co-deelination; and the angle PZS is 135°; 

the problem is, to find the sine of the complement of ZS, or of the sun's 

altitude. By spherical trigonometry, cos SP —cos ZS cos ZP+sin ZS sim 

ZP cos Z. Dividing by sin ZP, and observing that cos SP+sin ZP=sin 

decl. = cos lat. =sine of ‘amplitude, we have sin ampl.= sin alt, tan lat. + cos 
alt. cos 195^. If, now, we represent 


sin ampl. by a, tan lat, by b, cos 135° by — Vi, sin alt, by z, and cos meet by 
—— 


— 2ab 
V 1—z*. we have a* —2abr +b*xt=4(1— 2"); and by reduction, — — 


- 


Representing. again, 7* by f, and iz by s and reducing, we have r=uf+ V j'+8. 


But f isevidently the same with the '' fruit," since b, or tan lat., equals eq. ah. + goom., 
" ah. x gu. x sin. an J; 





sud therefore qa : and s is also the same with the ** sur. E on 


^ goon. * eq. sb." Re QJ" 
f à—o* eR —+in amyl.) * go." 1 | 
* +b? "3 4 qoem *+eq wh. ` | E 


If, the latitude being north, we consider the north direction ns positive, 
L will be positive. The value of f, given above, will then evidently be F 
positive or negative as the sign of a is plus or minus. But a, the sine of — 
Ld ae E amplitude, is positive when declination is north, amd negative when declina- 
—— tion is south. Hence j is to be added to or. subtracted from the radical, 
—* — as the sun i is north or south E — mm ns oe by — Ë 
An inu — before the wou cspon n sec I 
— ries the outh-enst and north-waet vertical ciclo; 
2 chee 2214 
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which, except in a high latitude, would take place always below the 
horizon. 

The construction of the last part of verse 32 is by no means clear, yet 
we cannot question that the meaning intended to be conveyed by it is 
truly represented by our translation. When declination is greater than 
north latitude, the sun's revolution is made wholly to the north of the 

200 prime vertical, and the vertical circles which he crosses are the north- 
east and the north-west. The process prescribed in the text, however, 
gives the correct value for the sine of altitude in this case also. For, in 
the triangle SZP (Fig. 15), all the parts remain the same, excepting that 
the angle PZS becomes 45^, instead of 135^: but the cosine of the former 
ia the same as that of the latter are, with a difference only of sign, which 
disappears in the process, the cosine being squared. 

The sine of altitude being found, that of its complement, or of zenith- 
distance, is readily derived from it by the method of squares (as above, in 
vv. 16, 17). To ascertain, farther, the length of the corresponding shadow 
and of its hypothenuse, we make the proportions 

sin alt.: sin zen. dist.:: gnom.: shad. 
and sin alt.: R :: gnom.: hyp. shad. 

In this passage, as in those that follow, the sine of altitude is called 
by the same name, çanku, '' staff," which is elsewhere given to the 
gnomon : the gnomon, in fact, representing in all cases, if the hypothenuse 
be made radius, the sine of the sun’s altitude. The word is frequently 
used in this sense in the modern astronomical language : thus VC (Fig. 13, 
p. 126), the sine of the sun's altitude when upon the prime vertical, is 
called the samamandalacanku, `° prime vertical staff," and BT, the sine 

M: of altitude when the sun crosses the unmandala, or east and west hour- 
circle, is styled the unmandalaganku: of the latter line, however, the 

Sürya-Siddhánta makes no account. We are surprised, however, not to find 
^n distinct name for the altitude, as for its complement, the zenith-distance : 
the sine of the latter might with very nearly the same propriety be called 
E , the '* shadow,'' as that of the former the `` gnomon. `` The particular sine 
of altitude which is the result of the present process is commonly known 
from the word kona, which, signifying originally `` angle,” 
h the dial, to indicate the angles of the circum- 

p. 111), and then the directions in which those 

on. The word itself is doubtless borrowed from 
given to it being that in which it appears in the 
(Sanskrit trikona), ete. Lest it seem strange that 
dus derived from abroad the name for so familiar nand 
entary a juantity as an angle, we would direct nttention to the striking 
th. that stage of their mathematical science, at least, which is 
1 Sürya-Siddhánta, they appear to have made no use 
calculations of the angle: fors excepting in this passage 
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(v. 34) and in the term for '' square '" employed in a previous verse (v. 5) 
of this chapter, no word meaning ''angle '" is to be met with anywhere 
in the text of this treatise. The term dre, used to signify '' zenith-distance "' 
—excepting when this is measured upon the meridian; see above, under 


vv. l4-16— means literally ** sight: |” in this sense, it occurs here for 
the first time: we have had it more than once above with the signification 


of '' observed place,'' as distinguished from a position obtained by calcula- 
tion. In verse 32, canku might be understood as used in 
" zenith," yet it has there, in truth, its own proper 
'" gnomon; " the meaning being, that the sun, in the cases supposed, 
makes his revolution to the south or to the north of the gnomon itself, 
or in such a manner as to cast the shadow of the latter, at noon, north- 
ward or southward. One of the factors in the calculation is styled karant, 
'" surd '' (see Colebrooke's Hind. Alg., p. 145), rather, apparently, as being 
a quantity of which the root is not required to be taken, than one of which 
an integral root is always impossible; or, it may be, as being the square 
of a line which is not, and cannot be, drawn. The term translated `` fruit 
(phala) is one of very frequent occurrence elsewhere, as denoting '' quotient, 
result, corrective equation, etc. 


the sense of 
signification of 


The form of statement and of injunetion employed m verses 20 and 
30, in the phrases '' the resuit obtained by the wise,'' and ''let the wise 
man set down,'' ete., is so little in accordance with the stvle of our treatise 
elsewhere, while it is also frequent and familiar in other works of a kindred 
character, that it furnishes ground for suspicion that this passage, relating 
to the konacanku, is a later interpolation into the body of the text; and 
the suspicion is strengthened by the fact that the process prescribed here 
is so much more complicated than those elsewhere presented in this chapter. 

44. . . . If radius be increased by the sine of ascensional 
difference (cara) when declination is north, or diminished by the 
same, when declination is south, 

35. The result is the day-measure (antyá) ; this, diminished 
by the versed sine (utkramajyá) of the hour-angle (nata), then 
multiplied by the day-radius and divided by radius, 1s the 
t divisor " (cheda) ; the latter, again, being multiplied by the sine 
of co-latitude (lamba), and divided 


36. By radius, gives the sine of altitude (ganku) : subtract 
its sine from that of radius, and the square root of the remainder 
is the sine of zenith-distance (dre) : the shadow and its hypothenuse 

x in t ceding process. 
* pc oda — nhan es find the sine of the sun s altitude nt 
any given hour of the day, when his distanee from the meridian, his 
declination, and the latitude, are known, The sun's angular distance 


E 


* > = 
2. x p: 
m RA. w Nac b. ` 
. Ta e "M a 





D 
my bc 
“a 
Ty M. 
k ot 

P 4 ` = í CENTRAL LIBRARY 


Of Direction, Place, and Time 133 





from the meridian, or the hour-angle, is found, as explained by the com- 
mentary, by subtracting the time elapsed since sunrise, or which is to 
elapse before sunset, from the halfday, ss calculated by a rule previously 
given (ii, 61-63). From the declination and the latitude the sine of 
"eseensional difference (carajyd) is supposed to have been already derived, 
by the method taught in the same passage; as also, from the declination 


> (by ii. 60), the radius of the diurnal circle. The successive steps of the 
É process of calculation will be made clear by a reference to the annexed 
figure (Fig. 16), taken in connection with Fig. 13 (p. 126), with which it 
| corresponds in dimensions and lettering. Let GG'C'E represent a portion 
of the plane of the equator, C being its centre, and GE its intersection with 


—* Fig. 16. the plane of the meridian; and let AA'B'D 


represent a corresponding portion of the plane 
3f the diurnal cirele, as seen projected upon 
the other, its centre and its line of intersec- 
tion with the meridian coinciding with those 
of the latter. Let CG equal the sine of as- 
censional difference, and AB its correspondent 
in the lesser circle. or the earthsine (kujwá or 
kshitijyá; see above, ii. 61). Now let O' be 
the place of the sun at a given time; the angle 
O'CD, measured by the arc of the equator 
Q'E, is the hour-angle: from Q’ draw Q'Q 
perpendicular to CE; then Q'Q is the sine, 
and QE is the versed sine, of Q'E. Add to 
UNT | radius, EC, the sine of ascensional difference, 
«SYM 1G ; their sum, EG—which is the equivalent, in terms of a great circle, of 
— DA, that part of the diameter of the circle of diurnal revolution which is 
" above the horizon, and which consequently measures the length of the day— 
; is the day-measure (anfyd). From EG deduct EQ, the versed sine of the 
— — hour-angle; the remainder, GQ, is the same quantity in terms of a great 
_ circle which AO is in terms of the diurnal circle: hence the reduction of 
i TGQ to the dimenkions of the lesser circle, by the proportion 
— CE : BD :: GQ: AO 
ae ives us the value of AO; to this the text gives the technical name of 
AS di riso CU (cheàa). But, by Fig. 18. 
COP SAEPE CE : EH :: AO : OR 
thence OR, which is the sine of the sun's altitude at the given time equals 
Th divisor," multiplied by EH, the cosine of latitude, and divided 
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for deriving from the sine of altitude that of zenith 
m both the length of the corresponding shadow and its 
aro precisely the same as in the last problem, 
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For the meaning of antyd—which, for lack of a better term, we have 
translated '' day-measure '"—see above, under verse 7. The word nata, 


by which the hour-angle is designated, is the same with that employed 
above with the signification of '' meridian zenith-distance;'' 


see the note 
to verses 14-17. 


37. If radius be multiplied by a given shadow, and divided 
by the corresponding hypothenuse, the result is the sine of zenith- 
distance (dre): the square root of the difference between the square 
of that and the square of radius 


38. Is the sine of altitude (canku) ; which, multiplied by 
radius and divided by the sine of co-latitude (lamba), gives the 
' divisor `` (cheda); multiply the latter by radius, and divide by 
the radius of the diurnal circle, 


39. And the quotient is the sine of the sun's distance from 


the horizon (unnata); this, then, being subtracted from the day- 
measure (antyd), and the remainder turned into arc by means of 
the table of versed sines, the final result is the hour-angle (nata), 
in respirations (asu), east or west. 


The process taught in these verses is precisely the converse of the 
one described in the preceding passage. The only point which calls for 
further remark in connection with it is, that the line GQ (Fig. 16) is in 
verse 39 called the `° sine of the unnata." By this latter term is desig- 
nated the opposite of the hour-angle (nata)—that is to say, the sun's 
angular distance from the horizon upon his own circle, O'A', reduced to 
time, or to the measure of a great circle. Thus, when the sum is at O', 
his hour-angle (nata), or the time till noon, is Q'E; his distance from 
the horizon (unnata), or the time since sunrise, is Q'G'. But GQ is with 
no propriety styled the sine of G'Q'; it i» not itself a sine at all, and the 
actual sine of the are in question would have a very different value. 


40. Multiply the sine of co-latitude by any given measure 
of amplitude (agra), and divide by the corresponding hypothenuse 
in digits; the result is the sine of declination. This, again, 18 
to be multiplied by radius, and divided by the sine of greatest 
declination ; mrs 

41. ‘The quotient, converted into are, 18, IN signs, ete., the 
sun's place in the quadrant ; by means of the quadrants is then 
found the actual longitude of the sun at that point... . 


A. 


ps, 
"i. 

2 g ° 
I! [] 


* — = Lë la e T o d. =< 
`" a F | 1 b . 
7 à - e * 
lo * D p ) RA W... 8 " 








Of Direction, Place, and Time 135 


By the method taught in this passage, the sun's declination, and, 
through that, bis true and mean longitude, may, the latitude of the observer 
being known, be found from a single observation upon the shadow at any 

. hour in the day. The declination is obtained from the measure of amplitude 
and the hypothenuse of the shadow, in the following manner: first, as was 
shown in connection with verse 7 of this chapter, 


hyp. shad.: meas. ampl.:: EC : CA (Fig. 14, p. 130) 


but EC : CA :: EH: BC 
therefore hyp. shad.: meas, ampl.:: EH : BC 
Ma, d BC, the sine of declination, being thus ascertained, the longitude is deduced 
from it ns in a previous process (see above, vv. 17-20). 
; Al. . . . Upon a given day, the distances of three bases, at 
Sal noon, in the forenoon, and in the afternoon, being laid off, 
P 42. From the point of intersection of the lines drawn 


|». between them by means of two fish-figures (matsya), and with 
x a radius touching the three points, is described the path of the 
|». shadow. . - - 


This method of drawing upon the face of the dial the path which 
= will be described by the extremity of the shadow upon a given day proceeds 
| upon the assumption that that path will be an arc of a circle—an erroneous 
* assumption, since, excepting within the polar circles, the path of the shadow 
is always a hyperbola, when the sun is not in the equator. In low latitudes, 
however, the difference between the arc of the hyperbola, at any point not 
1 too far from the gnomon, nnd the arc of a circle, is so small, that it is not 
"š = vory surprising that the Hindus should have overlooked it. The path being 
É 
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regarded as a true circle, of course it can be drawn if any three points in it 
oM ean be found by calculation: and this is not difficult, since the rules above 

given furnish means of ascertaining, if the sun's declination and the 
|» observer's latitude be known, the length of th» shadow and the length of 


= 
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sits base, or the distance of its extremity from the east and west axis of 
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the dial, at different times during the day. One part of the process, how- 
— ever, has not been provided for in the rules hitherto given. "Thus (Fig. 9. 
" Pp» 111); supposing d, m, and ! to be three points in the same daily path 
oe of the shadow, we require, in order to lay down ! and m, to know not only 
the bases lb", mb", but also the distances bb”, bb”. But these are readily 
found when the shadow and the base corresponding to each are known, or 
they may be calculated from the sines of the respective hour-angles. 
ee * M Lam points being determined, the mode of describing a circle 
HM I gh them is virtually the same with that which we should employ: 
| are drawn from the noon-point to each of the others, which are then. 
res (see above, under vv. 1-5), bisected by other lines at right 
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angles to them, and the intersection of the latter is the centre of the required 
circle, 


42. . . . Multiply by the day-radius of three signs, and 
divide by their own respective day-radii, 

43. In succession, ihe sines of one, of two, and of three 
signs; the quotients, converted into arc, being subtracted, each 


from the one following, give, beginning with Aries, the times of 
rising (udaydsaras) at Lanka ; 


44. Namely sixteen hundred and seventy, seventeen hundred 
and ninety-five, and nineteen hundred and thirty-five respirations. 
And these, diminished each by its portion of ascensional differ- 
ence (carakhanda), as caleulated for a given place, are the times 
of rising at that place. 

45. Invert them, and add their own portions of ascensional 
difference inverted, and the sums are the three signs beginning 
with Cancer: and these same six, in inverse order, are the other 
six, commencing with Libra. 


The problem here is to determine the '' times of rising `` (udaydsavas) 
of the different signs of the ecliptic—that is to say, the part of the 5400 
respirations (asavas) constituting a quarter of the sidereal day, which each 
of the three signs making up a quadrant of the ecliptic will occupy in rising 
(udaya) above the horizon. And in the first place, the times of rising at 
the equator, or in the right sphere—which are the equivalents of the signs 
in right ascension—are found as follows: 


Let ZN (Fie. 17) be a quadrant of the solstitial colure, AN the pro- 
jection upon its plane of the equinoctial colure, AZ of the equator, and 
AC of the ecliptic; and let A, T, G, and C 
be the projections upon AC of the initial points 
cf the first four signs; then AT is the sine 
of one sign, or of 30^, AG of two signs, or of 
60^. and AC, which is radius, the sine of 
three signs, or of 90°, From T. G, and C, 
draw Tt, Gg, Ce, perpendicular to AN. Then 
AT? and ACe ere similar triangles, and, since 
AC equals radius, 

R: Oc i AT : TI 
But the arc of which Tt is sine, is the 
aeme part of the circle of diurnal revolution 
of which the radius is tt’, as the required ascensional equivalent of one sign 
is of the equator: hence the sine of the latter, which we may call z, is 
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found by reducing Tf to the measure of a grent circle, which is done by 
the proportion 
ive 39 Ste t a oam 
Combining this with the preceding proportion, we have, 
tU Co =: AT-: sinc 


Again, to find the ascensional equivalent of two signs, which we will 

call y, we have first, by comparison of the triangles AGg and ACc, 
R: Co :: AG- Gg 

and gg! : R:: Gg: sin y 

therefore, as before, gg! : Ce :; AG: sin y 

Hence, the sines of the ascensional equivalents of one and of two signs 

respectively are equal to the sines of one and of two signs, AT and AG, 

multiplied by the day-radius of three signs, Cc, and divided each by its 

own day-radius, tt’ and gg’; and the conversion of the sines thus obtained 

into arc gives the ascensional equivalents themselves. The rule of the 

text includes also the equivalent of three signs, but this is so obviously 

equal to a quadrant that it is unnecessary to draw out the process, all the 

terms in the proportions disappearing except radius. 

Upon working out the process, by means of the table of sines given 
in the second chapter (vv. 15-22), and assuming the inclination of the 
plane of the ecliptie to be 24^ (ii. 28), we find, by the rule given above 
(ii. 60), that the day-radii of one, of two, and of three sines, or tt’, gg’, 

| Cc, are 8360/, 3216', and 3140' respectively, and that tbe sines of = and 
T y are 1604’ and 2907', to which the corresponding ares are 27° 50 and 
57^ 45', or 1670' and 3405'. The former ia the ascensional equivalent of 
the first sign; subtracting it from the latter gives that of the second sign, 
which is 1795’, and subtracting 3405' from 4 quadrant, 6400', gives the 

.. equivalent of the third sign, which is 1935’—all as stated in the text. 
as These, then, are the periods of sidereal time which the first three 
= signs of the ecliptic will occupy in rising. above the horizon at the equator, 
| or in passing the meridian of any latitude. It is obvious that the same 
* quantities, in inverse order, will be the equivalents in right ascension of the 
three following signs also, and that the series of six equivalents thus found 
will belong also to the six signs of the other half of the ecliptic. In order, 
now, to ascertain the equivalents of the signs in oblique ascension, or the 
periods of sidereal time which they will oceupy in rising above the horizon 
latitude, it is necessary first to calculate, for that latitude, the 





i x d these quantities, in the Hindu method, for the latitude of Washing- 
ton, 88° 54’, and find the ascensional difference of T to be 678’, that of 
1268’. The manner in which these are combined 
roduce the equivalents im oblique 
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- semicircle of the equator, 
upon which AT’, T'G/, etc., are the equivalents of those signs in right 
T, G, ete. Then tT’ and vV', the ascensional difference of T and V, are 
578’, gG' and IL/ are 1061’, and cC’ is 1263'. Then At, the equivalent in 
value of tg, the second equivalent, the text directs to subtract from T’G! the 
difference between tT’ and gG! which is called the carakhanda, “' portion of 
ascensional difference at the point G as compared with T. Thus 

tg —'I'G' —(gG’ —tT’) = TG’ + tT' —9G^ — tG'— 4G' — 1312" 

Farther, to find the oblique equivalents in the second quadrant, we 
are directed to invert the right equivalents, and to add to each its own 
cl=C'L + (0C —1L/) - cL —IL’ = 2137’ 
lo= L/V' + (IL! —oV^) e IV! —e V' = 2278" 

It is obvious without particular explanation that the arcs of oblique 
ascension thus found as the equivalents, in a given latitude, of the first 
the other six. We have, then, the following table of times of rising 
(udayásavas), for the equator and for the latitude of Washington, of all the 


of illustration. Let ACS 

2 successive signs, and AS a 
ascension; and let t, g, ete., be the points which rise simultaneously with 
oblique ascension of AT, equals AT’—fT’ or 1092’. To find, again, the 
ascensional difference "—that is to say, the increment or decrement of 
and gc = G'C' — (cC' — 9G^) = G'C' + gG” —cC' = gC' —cC' = 1733" 
rarakhanda, decrement of ascensional difference. Thus 
and finally, v8— V'S + e V' = 2248”. 
six signs of the ecliptic, are likewise, in inverse order, the equivalents of 
divisions of the ecliptic: 


Equivalents in Right and Oblique Ascension of the Signs of the Ecliptic. 












Lat. of "Washington. | Sign. 

" uiv. in N 1 | a No. 
ADIn | Ob: Ascension. eq eesti e 

1670 i^ ‘Toda Pisces, mt 12. 

ies, mesha, T | aces, mina 

2. — erahan, 1795 1061 1312 Aquarius, kumbha, 11. 
3 | Gemini, mithuna, 1985 1263 1733 Capricornus, makara, 10 

| 4. ! Cancer. karkata, 1935 1061 2137 Sagittarius, dianus, | 9 
5.| Leo, sinha, 1795 578 2278 | , Alí, Ë 
6.| Virgo, kany&, 1670 2248 Libra, tula, 7. 


For the expression '' at Lanká,' employed in verse 48 to designate 
the equator, see above, under i, 62. 
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46. From the longitude of the sun at a given time are to be 
calculated the ascensional equivalents of the parts past and to 
come of the sign in which he is: they are equal to the number 
of degrees traversed and to be traversed, multiplied by the ascen- 
sional equivalent (udaydsavas) of the sign, and divided by thirty ; 

47. Then, from the given time, reduced to respirations, sub- 
tract the equivalent, in respirations, of the part of the sign to 
come, and also the ascensional equivalents (lagnásavas) of the 
following signs, in succession—so likewise, subtract the equiva- 
lents of the part past, and of the signs past, in inverse order ; 

48. If there be a remainder, multiply it by thirty and divide 
by the equivalent of the unsubtracted sign; add the quotient, in 
degrees, to the whole signs, or subtract it from them: the result 
is the point of the ecliptic (lagna) which is at that time upon the 
horizon (kshitia). 

49. So, from the east or west hour-angle (mata) of the sun, 
in nadis, having made a similar calculation, by means of the equiv- 
alents in right ascension (lankodaydsavas), apply the result as an 
additive or subtractive equation to the sun's longitude : the result 
is the point of the ecliptic then upon the meridian (madhyalagna). 


The word lagna means literally ** attached to, connected with," and 
hence, ** corresponding, equivalent to.” It is, then, most properly, and 
likewise most usually, employed to designate the point or the are of the 
equator which corresponds to a given point or arc of the ecliptic. In such 
a sense it occurs in this passage, in verse 47, where lagndsavas is precisely 
equivalent to udaydsavas, explained in connection with the next preceding 
passage; also below, in verse 50, and in several other places. In verses 48 

` nnd 49, however, it receives a different signification, being taken to indicate 
ç the point of the ecliptic which, at a given time, is upon the meridian or at 
the horizon; the former being called lagnam kshitije, '" lagna at the horizon '' 
—or, in one or two cases elsewhere, simplv lagna—the other receiving the 

name of madhyalagna, ` meridian-lagna."'* 

The rules by which, the aun’s longitude and the hour of the day being 
known, the points of the ecliptic at the horizon and upon the meridian are 
found, are very elliptically and obscurely stated in the text; our translation 
itself has been necessarily made in part nlso a paraphrase and explication 
of them. Their farther illustration may be best effected by means of an 

> example, with reference to the last figure (Fig. 18). 

ad ia At a given place of observation, as Washington, let the moment of 
= local time—reckoned in the usual Hindu manner, from sunrise—be 15° 
E ` P 
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7-1 .8» and Jet the longitude of the sun, as corrected by the precession, 
= be, by calculation, 42°, or 1* 12^: it is required to know the longitude a 
" : the point of the ecliptic (lagnu) then upon the eastern horizon. | 
^ Let P (Fig. 18) be the place of the sun, and Hh the line of the horizon, 
L4 at the given time; and let p be the point of the equator which rose with the 
|^ sun; then the arc ph is equivalent to the time since sunrise, 18» 12* 8p, 
or 6555». The value of tg, the equivalent in oblique ascension of the 
xU second sign TG, in which the sun is, is given in the table presented at the 
P, end of the note upon the preceding passage as 1312». To find the value 





f 


| of the part of it pg we make the proportion 

ae TG : PG :: tg : pg 

^ inu 80° : 18° :: 1312» ; 5787» 

* From ph, or 6555», we now subtract pg, 787", and then, in succession, 
the ascensional equivalents of the following signs, GC and CL—that is, 
gc, or 1733», and cl, or 2137r—until there is left a remainder, lh, or 1898r, 
which is less than the equivalent of the next sign. To this remainder of 
oblique ascension the corresponding arc of longitude is then found by 
proportion the reverse of that formerly made, namely 

iv: IR SV. BH 
or 2278» : 1808» ;: 30° : 25° 
The result thus obtained being added to AL, or 4*, the sum, 4" 25", or 
145°, is the longitude of H. 

The are pg is called in the text bhogydsavas, ' the equivalent in respi- 
rations of the part of the sign to be traversed,’’ while tp is styled 
bhuktásavas, `° the respirations of the part traversed.” I 

If, on the other hand, it were desired to arrive at the sume result by 
reckoning in the opposite direction from the sun to the horizon, either 
on account of the greater proximity of the two in that direction, or for 
any other reason, the manner of proceeding would be somewhat different. 
Thus, if AH (Fig. 18) were the sun's longitude, and pP the line of the 
eastern horizon, we should first find hp, by subtracting the part of the day 
already elapsed from the calculated length of the day (this step is, in the 
text, omitted to be specified); from it we should then subtract the bhuk- 
tásavas, lh, and then the equivalents of the signs through which the sun 
has already passed, in inverse order, until there remained only the part 
of an equivalent, pg, which would be converted into the corresponding are 
of longitude, PG, in the same manner as before: and the subtraction of 
PG from AG would give AP, the longitude of the point P. er 

' ^ pnt again, if it be required to determine the point of the ecliptie which 

| is nt any given time upon the meridian, the general process 


cess is the same as — 

à ~ already explained, excepting that for the time from. sunrise às substituted vi E 

* the ti til or since noon, and : or the equivalents in oblique ascension — 
» the time until or since noon, and also for the equivatents 1n o; que | 
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rising at Lanka (lankodaydsavas) ; since the meridian, like the equatorial 
horizon, cuts the equator at right angles. 

It will be observed that all these calculations assume the increments 
of longitude to be proportional to those of ascension throughout each sign: 
in à process of greater pretensions to accuracy, this would lead to errors of 
some consequence. 

The use and value of the methods here taught, and of the quantities 
found as their results, will appear in the sequel (see ch. v. 1-9; wii. 7: 
ix. 5-11; x. 2). 

The term kshitija, by which the horizon is designated, may be under- 
stood, according to the meaning attributed to kshiti (see above, under i. 
61-63), either as the '' circle of situation "—that is, the one which is 
dependent upon the situation of the observer, varying with every change 
of place on his part—or as the ' earth-circle," the one produced by the 
intervention of the earth below the observer, or drawn by the earth upon 
— the sky. Probably the latter is itd true interpretation. 


50. Add together the ascensional equivalents, in respirations, 
of the part of the sign to be traversed by the point baving less 
longitude, of the part traversed by that having greater longitude, 
and of the intervening signs—thus 1s made the ascertainment of 

| . ume (kálasádhana). 

— 51. When the longitude of the point ol the ecliptie upon the 
- — horizon (lagna) is less than that of the sun, the time is in the latter 
| part of the night ; when greater, it is in the day-time ; when greater 
— — — than the longitude of the sun increased by half a revolution, it is 
| after sunset. 

in a manner, the converse of 
ita object being to hind 
ecliptic will be upon 
Thus (Fig. 18). 


10^* 10 18 


The process taught in these verses is, 
that which is explained in the preceding passage, 
`~. £he instant of local time when a given point of the 

the horizon, the longitude of the sun being also known. 
= supposing the sun's longitude, AP, to be, at a given time, 1* E 
Nabi a required to know at what time the point H, of which the longitude . 
ier + 25°, will rise. The problem, 15, virtually, to ascertain the arc of the 


- yr intercepted between p. the point which rose with the sun, and 
that arc determines the time elapsed 


15 









which will rise with H, since | 
h reen sunrise and the rise of H, or the time in the day at which the 

er will take place. In order to this, we ascertain, by a process eater 
> that illustrated in connection with the last passage, the bhogyása pas, 
a onal equivalent of the part of the sign to be traversed, of the 
le de—or pg—and the bhuktásavas, '' ascensional 
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the part traversed," belonging to H, the point having greater 


longitude—or Ih—and add the sum of both to that of the  ascensional 


equivalents of the intervening whole signs, gc and cl, which the text calls 
antaralagnásavas, '" equivalent respirations of the interval; '' the total is 
in respirations of time, corresponding to minutes of arc, the interval of time 
required: it will be found to be 6555», or 18° 12" 3»: and this, in the 
case assumed, is the time in the day at which the rise of H takes place : 
were H, on the other hand, the position of the sun, 18» 12» 3» would be 
the time before sunrise of the same event, and would require to be sub- 
tracted from the calculated length of the day to give the instant of local 
time. 

It is evident that the main use of this process must be to determine 
the hour at which a given planet, or a star of which the longitude is known, 
will pass the horizon, or at which its '' day '' (see above, ii. 59-68) will 
commence, A like method—substituting only the equivalents in right for 
those in oblique ascension—might be employed in determining at what 
instant of local time the complete day, ahorátra, of any of the heavenly 
bodies, reckoned from transit to transit across the lower meridian, would 
commence: and this is perhaps to be regarded as included also in the 
terms of verse 50; even though the following verse plainly has reference to 
the time of rising, and the word lagna, as used in it, means only the point 
upon the horizon. 


The last verse we take to be simply an obvious and convenient rule 
for determining at a glance in which part of the civil day wil take place 
the rising of any given point of the ecliptic, or of a planet oceupying that 
point. If the longitude of a planet be less than that of the sun, while at 
the same time they are not more than three signs apart—this and the 
other corresponding restrictions in point of distance are plainly implied in 
the different specifications of the verse as compared with one another, and 
are accordingly explicitly stated by the commentator—the hour when that 
planet comes to assume the position called in the text lagna, or to pass the 
eastern horizon, will evidently be between midnight and sunrise, or in 
the after part (cesha, literally '' remainder `’) of the night: if, again, it be 
more than three and less than six signs behind the sun, or, which is the 
same thing, more than six and less than nine signs in advance of him, its 
time of rising will be between sunset and midnight: if, once more, it be 
in advance of the sun by less than six signs, it will rise while the sun is 
above the horizon. 

The next three chapters treat of the eclipses of the sun and moon, the 
fourth being devoted to lunar eclipses, and the fifth to solar, and the 
sixth containing directions for projecting an eclipse. 
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Í Of Eclipses, and Especially of Lunar Eclipses 143 
CHAPTER IV. 


Or ECLIPSES, AND ESPECIALLY OF LUNAR ECLIPSES. 


CONTESTS :—1, dimensions of the sun and moon; 2-3, measurement of their apparent 


dimensions; 4-5, measurement of the earth's shadow; 6, conditions of the occur- 
rence of an eclipse; 7-8, ascertainment of longitude at the time of conjunction or 
of opposition; 9, causes of eclipses; 10-11, to determine whether there will be 
an eclipse, and the amount of obscuration; 12-15, to find half the time of dura- 
tion of the eclipse, and half that of total obscuration; 16-17, to ascertain the 
times of contact and of separation, and, in a total eclipse, of immersion and 
emergence ; 18.21, to determine the amount of obscuration at a given time; 
92.23. to find the time corresponding to a given amount of obscuration; 924-25, 
measurement of the deflection of the ecliptic, mt the point occupied by the 
eclipsed body, from an east and west line; 26, ccrrection of the scale of projec- 
tion for difference of altitude, 


1. The diameter of the sun's disk is six thousand five 
hundred yojanas ; of the moon's, four hundred and eighty. 


We shall see, in connection with the next passage, that the diameters 
of the sun and moon, as thus stated, are subject to a curious modification, 
dependent upon and representing the greater or less distance of those 


bodies from the earth; so that, in a certain sense, we have here only their 


mean diameters. These represent, however, in the Hindu theory—which 
affects to reject the supposition of other orbits than such as are circular, 
and described at equal distances about the ecarth—the true absolute 
dimensions of the sun and moon. 


Of the two, only that for the moon is obtained by ^ legitimate 
process, or presents any near approximation to the truth. The diameter of 
the earth being, as stated above (i. 59), 1600 yojanas, that of the moon, 
480 yojanas, is .3 of it: while the true value of the moon's diameter in 
terms of the earth’s is .2716, or only about a tenth less. An estimate 
so nearly correct supposes, of course, an equally correct determination 
of the moon's horizontal parallax, distance from the earth, and mean 
apparent diameter. The Hindu valuation of the parallax may be deduced 
from the value given just below (v. 3), of a minute on the moon's orbit, 
as 15 yojanas. Since the moon’s horizontal parallax is equal to the angle 
subtended at her centre by the earth's radius, and since, at the moon '3 
mean distance, 1' of arc equals 15 yojanas, and the earth's radius, 800 


| yojanas, would accordingly subtend an angle of 53' 90"—the latter angle, 


59' 20", is, according to the system of the Sürva-Siddhánta, the moon s 





P. ur x: X, when in the horizon and at her mean distance. This is consi- 
derably less than the actual value of the quantity, as determined by modern 
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nee, namely 57 1“; and it is practically, in the calculation of solar 
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. eclipses, still farther lessened by 3' 51", the excess of the value assigned 
to the sun's horizontal parallax, as we shall see farther on. Of the varia- 


tion in the parallax, due to the varying distance of the moon, the Hindu 
system makes no account: the variation is actually nearly 8’, being from 
53’ 48", at the apogee, to GI 24", at the perigee. 

How the amount of the parallax was determined by the Hindus— if, 
indeed, they had the instruments and the skill in observation requisite 
for making themselves an independent determination of it—we are not 
informed. It is not to be supposed, however, that an actual estimate of 
the mean horizontal parallax as precisely 53’ 20" lies at the foundation 
of the other elements which seem to rest upon it; for, in the making up 
of the artificial Hindu system, all these elements have been modified and 
adapted to one another in such a manner as to produce certain whole 
numbers as their results, and so to be of more convenient use. 

From this parallax the moon's distance may be deduced by the pro- 
portion 

sin 53/ 20" - R :: earth's rad.: moon's dist. 
or 59/4 : 3438’ :: B00* : 51,5707 
The radius of the moon's orbit, then, is 51,570 vojanas, or, in terms of the 
enrth's radius, 64.47. The true value of the moon's mean distance is 59.96 
radii of the earth 

The farther proportion 

3438' : 5400 :: 51,5707 : 81,0007 
would give, as the value of a quadrant of the moon's orbit, 81,000 yojanas, 
and, as the whole orbit, 324,000 yojanas. This is, in fact, the im 
ference of the orbit assumed by the system, and stated in another place 
(xii. &5). Since, however, the moon's distance 13 nowhere assumed as an 
element in any of the processes of the system, and is even directed Mos: ) 
to be found from the cireumference of the orbit by the false ratio o —* 
4/10, it is probable that it was also made no account of in ——— Abe 
system, and that the relations of the moon's parallax and orbit were 1 
by some such proportion as 
sg 20" : 860? :: 8007 : 324,0007 | 

The moon's orbit being 324,000 yojanas, the assignment of 480 pis 
ae her diameter implies a determination of her apparent diameter at her 
mean distance as 82’; since 

260" : 82! :: 824.0007 : 4807 

| ' mean arent diameter is actually 81! 7”. à | 
* T a> to astana. farther, how the dimensions of the sun's orbit 
and of the sun himself are determined by the Hindus, we hnve to notice 
that, the moon's orbit being 324,000 yojanas, and her | 
revolution 27482167416, the amount of her mean 
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11,858».717. The Hindu system now assumes that this is the precise 
amount of the actual mean daily motion, in space, of all the planets and 
ascertains the dimensions of their several orbits by multiplying it * the 
periodic time of revolution of each (see below, xii. 80-90). The length 
of the sidereal year being 3654.25875648, the sun's orbit is, as stated else- 
where (xii. 86), 4,331,500 yojanas. From a quadrant of this, by the ratio 
5400 : 3488’, we derive the sun's distance from the earth, 689,430 yojanas 
or 861.8 radii of the earth. This is vastly less than his true distance, 
which is about 24,000 radii. His horizontal parallax is, of course, propor- 
tionally over-estimated, being made to be nearly 4' (more exactly, 4’ 59".4), 
instead of 8".6, its true value, an amount so small that it should properly 
have been neglected as inappreciable. | 

It is an important property of the parallaxes of the sun and moon, 
resulting from the manner in which the relative distances of the latter frorn 
the earth are determined, that they are to one another ns the mean daily 
motions of the planets respectively: that is to say, 


53' 20" : Bf 50" :: 790’ 35" : 59” 8” 


Each is likewise very nearly one fifteenth of the whole mean daily motion, 
or equivalent to the amount of arc traversed by each planet in 4 nádis; the 
difference being, for the moon, about 38", for the sun, about a3" We shall 
see that, in the calculations of the next chapter, these differences are 
neglected, and the parallax taken as equal, in each case, to the meán motion 
— during 4 nadis. 
uc The circumference of 
^" assignment of 6500 yojanas as his 
^ diameter was considered to be 32/ 24".8; for 
n.i 860° : 82! 247.8 :: 4,331,500" : 65007 


the sun's orbit beittg 4.331.500 yojanas, the 
diameter implies that his mean apparent 


The true value of the sun's apparent diameter at his mean distance 18 


i 32, 37.6. 
* “The results arrived at by the Greek astronomers relative to 
= parallax, distance, and magnitude of the sun aud moon are not greatly dis- 
J . eordant with those here presented. Hipparchus found the moon's horizontal 
ole parallax to be 57’: Aristarchus had previously, by observation upon the 
| angular distance of the sun and moon when the latter is half-illuminated, 


the 






| . nngular 

ier. e ` nt e their relative distances to be as 19 to 1; this gave Hipparchus 3 ns 
V < the sun's parallax. Ptolemy makes the mean distances of the sun and 
h x | moon from the enrth equal to 1210 and 59 radii of the earth, and their 
: paralla he also states the diameter of the 


and 68' 14” respectively : 
to be as 1,3b9,18%. while the Hindus make them 


their true values, as determined by modern science, 


es 2’ 51" 
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. E ind 
d n idea by the mean motion, of its own planet, give the corrected 


(o (sphuta) diameters. If that of the sun be multiplied by the number 


em | of the sun's revolutions in an Age, and divided by that of the 
. 1oon's, 


3. Or if it be multiplied by the moon's orbit (kakshá), and 
divided by the sun's orbit, the result will be its diameter upon 


— the moon’s orbit : all these, divided by fifteen, give the measures 


of the diameters in minutes. 


The absolute values of the diameters of the sun and moon being 
stated in yojanas, it is required to find their apparent values, in minutes 
of arc. In order to this, they are projected upon the moon's orbit, or 
upon a circle described about the earth nt the moon's mean distance, of 
which circle—since 324,000 -+ 21 ,600—15—one minute is equivalent to 
fifteen yojanas. 

The method of the process will be made clear by the annexed figure 
(Fig. 19). Let E be the earth's place, EM or Em the mean distance of 


Fig. 19. 





ihe moon, and ES the mean distance of the sun. Let TU equal the sun's 
diameter, 65007. But now let the sun be at the greater distance ES’: 
the part of bis mean orbit which his disk will cover will no longer be TU, 
but a less quantity, tu, and tu will be to TU, or T'U', as ES to ES’. But ` 
the text is not willing to acknowledge here, any more than in the second 
chapter, an actual inequality in the distance of the sun from the earth at 
different times, even though that inequality be most. unequivocally implied 
in the processes it prescribes: so, instead of calculating ES! a as well ns ES, 
which the method of epicycles affords full facilities for doing, it substitutes, 
for the ratio of ES to ES’, the inverse ratio of the daily motion at 


the mean distance ES to that at the true distance ES’. The ratios, ^r 







however, are not precisely | equal. The nre am (Fig. 4. p. 76) of the 


> 


uniform velocity. It, then, the motion. at any een point, z: £ * 


eccentric circle is supposed to be traversed | by the sun or moon / with P 
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Du er ndicular, to Em, the apparent motion would be inversely as the 
t=. distance. But the motion at m is perpendicular to em instead of Em. 
Ir The resulting error, it is true, and especiallv in the case of the sun, is not 
—— great. It may be added that the eccentric circle which best repre- 
p sente the apparent motions of the sun and moon in their elliptic orbits, 
i gives much more imperfectl y the distances and apparent diameters of those 
| Ecos The value of tu, however, being thus at least approximately deter- 
. mined, tw, the arc of the moon's mean orbit subtended by it, is then 
y. found by the proportion ES : Em (or EM) : : tu : l'u'—excepting that here, 
— again, for the ratio of the distances, ES and EM, is substituted either that 
.. of the whole cireumferences of which they are respectively the radii, or the 
J inverse ratio of the number of revolutions in a given time of the two planets, 
|» which, às shown in the note to the preceding passage, is the same thing. 
* Having thus ascertained the value of t'u’ in yojanas, division by 15 gives 
. us the number of minutes in the arc t'u', or in the angle t/Eu'. 
ES. In like manner, if the moon be at less than her mean distance from 
tho earth, as EM’, she will subtend an arc of her mean orbit no, greater 
— than NO, her true diameter; the value of no, in yojanas and in minutes, 
"a is found by a method precisely similar to that already described. 
«Mc 'There is hardly in the whole treatise a more curious instance than 
this of the mingling together of true theory and false assumption in the 
| | same process, and of the concealment of the real character of a process 
E _ by substituting other and equivalent data for its true elements. 
13 7 we meet for the first time, in this passage, the ierni employed in the 
Fi treatise to designate a planetary orbit, namely kakshá, literally “° border, 
x | The value finally obtained for the apparent diameter 


as later of the shadow, is styled its mäna, ~ measure. '"' 
processes taught in 





















Em e 
girdle, periphery." 

| the sun or moon, 
| In order to furnish a practical illustration of the 
E is es er, we have calculated in full, by the methods and elements of 
he Sürya-Siddháànta, the lunar eclipse of Feb. 6th, 1860. Rather, how- 
| and with its different pro- 
under the 
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than present the calculation piecemeal, 
| ses severed from their natural connection, and arranged 
M passag es to which they severally belong, we have preferred to give it entire 
| in the Appendix, whither the reader is referred for it. 

the true daily motion of 
s the earth's 


| Es . Multiply the earth's diameter by ! 
. the moon. and divide by her mean motion : the result i | 

correc ec diameter (süácf). The difference between the ea rth's 
diameter and the corrected diameter of the sun 
E; Bi 5. Is to be multiplied by the moon's mean diameter, 
divided by the sun's mean diameter : subtract the result [rom the 
earth's corrected « iameter (sñci), and the remainder is the diameter 
of the shadow ; wh ch is reduced to minutes as before. 
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The method employed in this proeess for finding the diameter of the 
earth's shadow upon the moon's mean orbit may be explained by the aid 
of the following figure (Fig. 20). 

As in the last figure, let E represent the earth's place, S and M points 
in the mean orbits of the sun and moon, and M’ the moon's actual place. 
Let tu be the sun's corrected diameter, or the part of his mean orbit which 
his disk at its actual distance covers, ascertained as directed in the preceding 
passage, and let FG be the earth's diameter. Through F and G draw 


Fig. 20. 
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vF/ and wGg parallel to SM, and also tFh and uGk: then hk will be 
the diameter of the shadow where the moon actually enters it. The value of 
hk evidently equals fg (or FG) — (fh + gk); and the value of fh +gk may be 
found by the proportion 

Fv (or ES) : tv +wu (or tu —FG) :: Ff (or EM) : fh + gk 
But the Hindu system provides no method of measuring the angular value 
of quantities at the distance EM’, nor does it ascertain the value of EM" 
itself: and as, in the last process, the diameter of the moon was reduced, 
for measurement, to its value at the distance EM’, so, to be mnde com- 
mensurate with it, all the data of this process must be similarly modified. 
(That is to say, the proportion 

EM’ : EM :: fg : f'g' 

-—substituting, as before, the ratio of the moon's mean to her true motion 
for that of EM’ to EM—gives f'g', which the text calls the sūci: the word 
means literally * needle, pyramid; " we do not see precisely how it comes 
to be employed to designate the quantity f'g', and have translated it, for 
lack of a better term, and in analogy with the language of the text respecting 
the diameters of the sun and moon, '' corrected diameter of the earth.” 
It is also evident that 


EM’ : fh+gk :: EM : f'h+g'k 
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there is a slight inaccuracy. The substitution proceeds upon the assump- 

tion that the mean apparent values of the diameters of the sun and moon 

are precisely equal, in which case, of course, their absolute diameters would 

be as their distances; but we have seen, in the note to the first verse of 

this chapter, that the moon's mean angular diameter is made a little less 

than the sun's, the former being 32’, the latter 32’ 24278. The error is 

evidently neglected as being too small to impair sensibly the correctness of 

j- the result obtained: it is not easy to see, however, why we do not have the 

He ratio of the mean distances represented here, as in verses 2 and 3, by that 

w of the orbits, or by that of the revolutions in an Age taken inversely. The 

e substitution being made, we have the final proportion on which the rule 

—. in the text is based, viz., the sun's mean diameter is to the moon's mean 

diameter as the excess of the sun's córrected diameter over the actual 

diameter of the earth is to a quantity which, being subtracted from the 

i siici, or corrected diameter of the earth, leaves as a remainder the diameter 

of the shadow as projected upon the moon's mean orbit: it is expressed in 

yojanas, but is reduced to minutes, as before, by dividing by fifteen. The 

earth's penumbra is not taken into account in tbe Hindu process of 
calculation of an eclipse. 

, The lines fg, f'g', ete., are treated here us if they were straight lines, 

instead of arcs of the moon's orbit: but the inaccuracy never comes to 

be of any account practically, since the value of these lines always falls 

inside of the limits within which the Hindu methods of calculation recog- 


nize no difference between an arc and its sine. 


_ 6. The earth's shadow is distant half the signs from the sun : 
. when the longitude of the moon's node is the same with that of 
|». the shadow, or with that of the sun, or when it is a few degrees 
. greater or less, there will be an eclipse. 
To the specifications of this verse we need to add, of course, '' at the 






1 
' 
|) 


D 


€ 
i 


i 
i 




















no attempt is made here to define the lunar 
the distances from the moon s node within 
Those limits are, for the moon, nearly 12° 


wor | ' eclipse," grahana, means literally 
**. it, with other kindred terms, to be noticed Inter, exhibits the 
ac the primitive theory of eclipses, es seizures of the heavenly 
E ose Rabu. In verses 17 and 10, below, instead of 
ana we ve graha, another derivative from the sam | | 
“gre meixze.'" Elsewhere graha never occur except as signifying 
j. An dt is the only word which the Sürva-Siddbhànta employs with 
ation: as so used, it i» an active instead of a passive derivative 
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meaning '' seizer,'"" and its application to the planets is due to the nstrolo- 
gical conception of them, as powers which ''lay hold upon '' 
men with their supernatural influences. 


7. The longitudes of the sun and moon, at the moment of 
the end of the day of new moon (amdvdsyd), are equal, in signs, 
etc. ; at the end of the day of full moon (paurnamédsi) they are 
equal in degrees, etc., at a distance of half the signs. 

8. When diminished or increased by the proper equation of 
motion for the time, past or to come, of opposition or conjunc- 
tion, they are made to agree, to minutes: the place of the node 
at the same time is treated in the contrary manner. 


The very general directions and explanations eontained in verses 6, 7, 
and 9 seem out of place here in the middle of the chapter, and would have 
more properly constituted its introduction. The process prescribed in verse 
5. also, which has for its object the determination of the longitudes of the 
sun, moon, and moon's node, at the moment of opposition or conjunction, 
ought no less, it would appear, to precede the ascertainment of the true 
motions, and of the measures of the disks and shadow, already explained. 
Verse 8, indeed, by the lack of connection in which it stands, and by the 
obscurity of its language, furnishes a striking instance of the want of 
precision and intelligibility so often characteristic of the treatise. The 
subject of the verse, which requires to be supplied, is, `` the longitudes of 
the sun and moon at the instant of midnight next preceding or following 
the given opposition or conjunction ''; that being the time for which the 
true longitudes and motions are first calculated, in order to test the question 
of the probability of an eclipse. If there appears to be such a probability, 
the next step is to ascertain the interval between midnight and the moment 
of opposition or conjunction, past or to come: this is done by the method 
taught in ii. 66, or by some other analogous process: the instant of the 
occurrence of opposition or conjunction, in local time, counted from sunrise 
of the place of observation, must also be determined, by ascertaining the 
interval between mean and apparent midnight (ii. 46), the length of the 
complete day (ii. 59), and of its parts (ii. 60-63), ete.; the whole process 
is sufficiently illustrated by the two examples of the calculation of eclipses 
given in the Appendix. When we have thus found the interval between 
midnight and the moment of opposition or conjunction, verse 8 teaches us 
how to ascertain the true longitudes for that moment: it is by calculating 
—in the manner taught in i. 67, but with the true daily motions—the 
amount of motion of the sun, moon, and node during the interval, and 
applying it as a corrective equation to the longitude of each at midnight, 
subtracting in the case of the sun and moon, and adding in the case of 
the node, if the moment was then already past; and the contrary, if it was 
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p. still to come. Then, if the process has been correctly performed, the longi- 
z E es of the sun and moon will be found to correspond, in the manner 


iue required by verse 7, 


D. For the days of new and full moon, and their appellations, see the 
‘note to ii. 66, above. ‘The technical expression employed here, as in one 


I gr. two other passages, to designate the ' moment of opposition or conjunc- 


ü 


tion" is parvanádyas, '" nüdis of the parvan,'"" or ` time of the parvan in 
 nàdis, etc.;'"' parvan means literally °° knob, joint," and is frequently 
applied, as in this term, to denote a conjuncture, the moment that distin- 
seth e guishes and separates two intervals, and especially one that is of prominence 


‘and importance. 
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L E 9. "The moon is the eclipser of the sun, coming to stand 
underneath it, like a cloud: the moon, moving eastward, enters 
he earth's shadow, and the latter becomes its eclipser. 


v 


` P 
* 


— c " The names given to the eclipsed and eclipsing bodies are either chádya 
er and, as here, chádaka, '' the body to be obscured '" and '' the obseurer,'' 

E or grühya and gráhaka, ` the body to be seized " and '' the seizer." The 
it bh latter terms nre akin with grahana and graha, spoken of above (note to v. 
—* 6), and. represent the ancient theory of the phenomena, while the others 
are derived from their modern and scientific explanation, as given in this 
verse. — | | 


30. Subtract the maon's latitude at the time of opposition 





| or 'onjunction from half the sum of the measures of the eclipsed 
an eclipsing bodies: whatever the remainder is, that is said to 
be the amount obsçureg. x 
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at when. nt the moment of opposition. the 
distance of her centre from the ecliptic, 
w—is equal to the sum of the radii of 


ihe disk and the shadow will just touch one 
wr hand, the moon will, at the moment of 


t O far immersed in the shad | 
of t 1e | adii: and so in like manner for the sun, with due allowance 
The Hind . mode of reckoning the amount eclipsed is not 


diameter of the eclipsed body, which method we 
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The word grása, used in verse 11 for obscuration or eclipse, means 
literally “ eating, devouring,'' and so speaks more distinctly than any other 
term we have had of the old theory of the physical cause of eclipses. 

12. Divide by two the sum and difference respectively of the 
eclipsed and eclipsing bodies: from the square of each of the 
resulting quantities subtract the square of the latitude, and take 
the square roots of the two remainders. 

13. These, multiplied by sixty and divided by the difference 
of the daily motions of the sun and moon, give, in nádis, etc., 
half the duration (sthiti) of the eclipse, and half the time of total 
obscuration. 


These rules for finding the intervals of time between the moment of 
opposition or conjunction in longitude, which is regarded as the middle of 
the eclipse, and the moments of first and last contact, and, in a total 
eclipse, of the beginning and end of total obscuration, may be illustrated 
by help of the annexed figure (Fig. 21). 

Let ECL represent the ecliptic, the point C being the centre of the 
shadow. and let CD be the moon's latitude at the moment of opposition; 


Fig. 21. 





which, for the present, we will suppose to remain unchanged through the 
whole continuance of the eclipse. It is evident that the first contact of the 
moon with the shadow will take place when, in the triangle CAM, AC equals 
the moon's distance in longitude from the centre of the shadow, AM her 
latitude, and CM the sum of her radius and that of the shadow. In ^ 
manner, the moon will disappear entirely within the shadow —— 

equals her distance in longitude from the centre of the shadow, B! e — 
latitude, and CN the difference of the two radii. ` Upon — — n: , 
the square of AM or BN from those of CM and CN respectively, and taking 
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o the square roots of the remainders, we shall have the values of AC and BC 
in minutes. These may be reduced to time by the following proportion : 
1 ET the excess nt the given time of the moon's true motion in a day over that 
É ; of the sun is to a day, or sixty nadis, so are AC and BC, the amounts which 
t 1 the moon has to gain in longitude upon the sun between the moments of 
contact and immersion respectively and the moment of opposition, to the 
corresponding intervals of time. 
MW But the process, as thus conducted, involves a serious error: the 
— ‘moon’ 's latitude, instead of remaining constant during the eclipse, is con- 
E stantly and sensibly changing. "hus, in the figure above, of which the 
— conditions are those found by the Hindu processes for the eclipse of Feb. 
x Gin. 1860, the moon's path, instead of being upon the line HK, parallel to 
E 1 the ecliptie, is really upon QR. The object of the process next taught is 


| P. (to get rid of this error. 
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— 34. Multiply the daily motions by the half-duration, in nádis, 
and divide by sixty: the result, in minutes, subtract for the time 
E contact (pragraha), and add for that of separation (moksha), 


respec tively ; 2 
s E L5. By the latitudes thence derived, the half-duration, and 
annev 







likewise. the half-time of total obscuration, are to be calculated 


, and the process repeated. In the case of the node, the 
is to be applied in the con- 


‘9 


mer correction, in minutes, etc., 


manner. 


" this: method of eliminating the error involved in the supposition of 
a cor stant latitude, and of obtaining another and more accurate deter- 
T mak io of the i intervals between the moment of opposition and those of 
rst ni ; cd contact, and of immersion and emergence, is by a series of 
pproximations. For instance: AC, as already determined, 
died as the interval between opposition and first contact, 8 
YL ulation ‘of the moon’s longitude is made for the moment A, and, 
and the. sum of the radii, a new value is found for AC. But 
p > ition of As changed, the former determination of its latitude 
: | must b made anew, and made to furnish anew m corrected 
vi tind | of / D; and | so on, until the position of A is fixed with the 
| Sem juirec ri The The process must be conducted separately. of course, 
the ie r quantities affected; since, where latitude is increasing, 
l — the true values of AC and BC will be greater 
, while GC and FC, the true intervals in the afte: 

wi II be less than AC and BC: and the contrary when 
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^ A ame > Shoes ¿38 susya bays! | 

2A e. eclipse: their application to the conditions of a solar eclipse requires the 
-introduction of another element, that of the parallax, and will be explained 
in the notes upon the next chapter. 
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We have illustrated these processes by reference only to a lunar 





The first contact of the eclipsed and eclipsing bodies is styled in this 

pragraha, '' seizing upon, laying hold of;" elsewhere it is also 

called grása, ** devouring,'"" and sparca, * touching: "' the last contact, or 

separation, is named moksha, '' release, letting go." The whole duration 

of the eclipse, from contact to separation, is the sthiti, `° stay, continuance ;"" 
total obscuration is rimarqa, `° crushing out, entire destruction.” | 


16. The middle of the eclipse is to be regarded as occurring 
at the true close of the lunar day: if from that time the time of 
half-duration be subtracted, the moment of contact (grása) is 
found: if the same be added, the moment of separation. 


17. In like manner also, if from and to it there be sub- 
tracted and added, in the case of a total eclipse, the half-time of 
total obscuration, the results will be the moments called those of 
immersion and emergence. 


The instant of true opposition, or of apparent conjunction (see below, 
under ch. v. 9), im longitude, of the sun and moon, is to be taken as the 
middle of the eclipse, even though, owing to the motion of the moon in 
latitude, and also, in a solar eclipse, to parallax, that instant is not midway 
between those of contact and separation, or of immersion and emergence. 
To ascertain the moment of local time of each of these phases of the eclipse, 
we subtract and add, from and to the local time of opposition or conjunction, 
the true intervals found by the processes described in verses 12 to 15. 

The total disappearance of the eclipsed body within, or behind, the 
eclipsing body, is called nimilana, literally the '' closure of the eyelids, as 
in winking:'' ite first commencement of reappearance is styled unmilana, 
** parting of the eyelids, peeping.'" We translate the terms by '' immer- 
sion ' and '' emergence '' respectively. 


18. If from half the duration of the eclipse any given interval 
be subtracted, and the remainder multiplied by the difference of 
the daily motions of the sun and moon, and divided by sixty, the 
result will be the perpendicular (koli) in minutes. 

19. In the case of an eclipse (graha) of the sun, the perpen- 
dicular in minutes is to be multiplied by the mean half-duration, 
and divided by the true (sphuta) half-duration, to give the true 
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k Pu 20. The latitude is the base (bhuja): the square root of the 
= sum of their squares is the hypothenuse (¢rava) : subtract this 


ti from half the sum of the measures, and the remainder is the 
» amount of obscuration (grása) at the given time. 


ie ' 
| an - al. If that time be after the middle of the eclipse, subtract 
hi the interval from the bhalf-duration on the side of separation, and 
= treat the remainder as before : the result is the amount remaining 


Nc 
obscured on the side of separation. 
I The object of the process taught in this passage is to determine the 
| amount of obscuration of the eclipsed body at any given moment during 
. the ‘continuance of the eclipse. It, as well as that prescribed in the 
following passage, is a variation of that which forms the subject of verses 
aa 12 and 13 nbove, being founded, like the latter, upon a consideration of 

the right-angled triangle formed by the line joining the centres of the 
eclipsed and eclipsing bodies as hypothenuse, the difference of their longi- 
= tudes as perpendicular, and the moon's latitude as base. And whereas, in 
the former problem, we had the base and hypothenuse given to find the 
F perpendicular, here we have the base and perpendicular given to find the 

J hypothenuse. The perpendicular is furnished us in time, and the rule 
uppose tated in the form of the interval between the given 
í contact | ion: a form to which, of course, 
The interval 
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ion the reverse of that given in ve 
Xhenuse is deduced; and the comparison of this with the sum 
i gives the measure of the amount of obscuration. 


B 


Pan 91 seems altogether superfluous: it merely states the method of 
be roeeeding in case the time given falls anywhere between the middle and 
Y 4h e end of the eclipse, as if thé specifications of the preceding verses applied 

nly to a time occurring before the middle: whereas they are general in 

. th ir charac r, and include the former case no less than the latter. 

) OW ien the eclipse is one of the sun, allowance needs to be made 
| 1 parallax during its continuance; this is done by the process 

| wi . 19, of which the explanation will be given in the notes 

+t chapter (vv. 14-17). 

In verse 20, for the first ond only time, we have 
und of vikahepa, n» elsewhere. In the same verse, the term emnto 
T hiypetlientee "is crava, '' bearing, organ of hearing; — this, as well 
— Oe Ga o> < SAYCO ' 
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of the ordinary term karpa, which means literally '' ear." It is difficult to 
see upon what conception their employment in this signification is founded. 


22. From half the sum of the eclipsed and eclipsing bodies 
subtract any given amount of obscuration, in minutes: from the 
square of the remainder subtract the square of the latitude at 
the time, and take the square root of their difference. 


23. The result is the perpendicular (koli) in minutes— 
which, in an eclipse of the sun, is to be multiplied by the true, 
and divided by the mean, hatf-duration—and this, converted into 
time by the same manner as when finding the duration of the 
eclipse, gives the time of the given amount of obscuration (grása). 


The conditions of this problem are precisely the same with those of 
the problem stated above, in verses 12-15, excepting that here, instead 
of requiring the instant of time when obscuration commences, or becomes 
total, we desire to know wher it will be of a certain given amount. The 
solution must be, as before, by a succession of approximative steps, since, 
the time not being fixed, the corresponding latitude of the moon cannot be 
otherwise determined. 


24. Multiply the sine of the hour-angle (nata) by the sine 
of the latitude (aksha), and divide by radius : the are corresponding 
to the result is the degrees of deflection (valandngds), which are 
north and south in the eastern and western hemispheres (/apdla) 
respectively. 


25. From the position of the eclipsed body increased Dy 
three signs calculate the degrees of declination : add them to the 
degrees of deflection, if of like direction ; take their difference, if 
of different direction : the corresponding sine is the deflection 
(valana)—in digits, when divided by seventy. 


This process requires to be performed only when it is desired to project 
an eclipse. In making a projection according to the Hindu method, as 
will be seen in connection with the sixth chapter, the eclipsed body is 
represented as fixed in the centre of the figure, with a north and south 
line, and an east and west line, drawn through it. The absolute position 
of these lines upon the disk of the eclipsed body i», of course, all the time 

. changing : but the change is, in the case of the sun, not observable, and 
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in the case | i£ is di 
RES ct the figure cible in des ee teeing di east 
and natural directions upon her disk. x It eerie — oes 
eye, by the figure drawn, where, with reference to the —— d W^ 
and west points of the moment, the contact, SATE 2d — * 
separation, or other phases of the eclipse, will take place. In —— | 
this, it is necessary to know what is, at each given — the di p * 
of the ecliptic, in which the motions of both eclipsed and ecli sin “hades 
are made. The east and west direction is represented by = sd ae 
drawn through the eclipsed body, parallel to the prime vertical; the — 
and south direction, by a great, eirele passing through the bod nd tbr 
the north and south points of the horizon: and the di Lon —* 
: direction of the eclipt 
is determined by ascertaining p 
: the angular amount of its 
š. deñection from the small east 
~ and west circle at the point 
I” oecupied by the eclipsed body. 
Thus, in the annexed figure 
(Fig. 22), if M be the place 
* of the eclipsed body upon the 
—— eeliptie, CL, and if EW be 
M. the small east and west circle 
drawn through M parallel 
with E/Z, the prime vertical, then th 
M by CM and EM, which is equal to PMN, the angle made by perpen- 
diculars to the two circles drawn from their respective poles. In order 
to find the value of this angle, a doubla process is adopted: first, the angle 
the two small circles EM and DM, which is equivalent to 
| PN ` determined : as this depends for its amount upon the 
— observer's latitude, being nothing in a right sphere, it is called by the 
i ha valana, '' the deflection due to latitude: the text calls 
'" since it does not, like the 


be expressed in terms of its 
CL. and the circle of 


Fig. 22. 




















e deflection will be the angle made at 





— net result 
l Next, the angle made at M by the ecliptic, 


revolution, DR, which anglo is equal to PMP“, 
áyana valana, `` the deflection due to the deviation 


equator ;'' the text has no special name for it 


or their difference, as the ease may be, 
he small east and west 


^ eine. 
is also measured : 
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the angle P'MN. | 
the method and value of these processes, we will 
| the second one, or with that by which PMP, the dyana 


1 23), let OQ be the equator 
be the 


; cliptie, P and P' being their respec 


| lana, s fc nd. In the following figure (Fig. 
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point at which the amount of deflection of ML from the circle of diurnal 
revolution, DH, is sought. Let ML equal Fig. 23. 

a quadrant; draw P’L, cutting the equator 

at Q; as also PL, cutting it at B; then 
draw PM and QM. Now P'ML is a tri- 
quadrantal triangle, and hence MQ is a 
quadrant; and therefore Q is a pole of the 
circle POM, and QO is also a quadrant, 
and QMO is a right angle. But DR also 
makes right angles at M with PM; hence 
QM and DH are tangents to one another 
at M, and the spherical angle QML is equal 
to that which the ecliptic makes at M 
with the cirele of declination, or to PMP’: 
and QML is measured by QL. The rule 
given in the text produces a result which is a near approach to this, although 
not entirely accordant with it excepting at the solstice and equinox, the 
points where the deflection is greatest and where it is nothing. We are 
directed to reckon forward a quadrant from the position of the eclipsed 
body—that is, from M to L, in the figure—and then to calculate the 
declination at that point, which will be the amount of deflection. But the 
declination at L is BL, and since LBQ is a right-angled triangle, having 
a right angle at B, and since LQ and LB are always less than quadrants, 
LB must be less than LQ. The difference between them, however, can 


never be of more than trifling amount; for, as the angle QLB increases, 
QL diminishes; and the contrary. 





In order to show how the Hindus have arrived at a determination of 
this part of the deflection so nearly correct, and yet not quite correct, 


we will cite the commentator's explanation of the process. He 


Says : 
** The “° east ' 


(práci) of the equator [i.e., apparently, the point of the 
equator eastward toward which the small circle must be considered as 
pointing at M] is a point 90° distant from that where a circle drawn from 
the pole (dhruva) through the planet cuts the equator:'' that is to say, it 
is the point Q (Fig. 23), a quadrant from O: '' and the interval by which 
this is separated from the ' east ' of the ecliptic at 90° from the planet, that 
ia the áyana valana.'' ‘This is entirely correct, and would give us QL, the 
true measure of the deflection. But the commentator goes on farther to say 
that since this interval, when the planet is at the solstice, is nothing, and 
when at the equinox is equal to the grentest declination, it is therefore 
always equal to the declination at a quadrant's distance from the planet. 
This is, as we have seen, a false conclusion, and leads to an erroneous 
result: whether they who made the rule were aware of this, but deemed 
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|» the process a convenient one, and its result a sufficiently near approximation 


to the truth, we will not venture to say. 

"ru The other part of the operation, to determine the amount of deflec- 
tion of the circle of declination from the east and west small circle, is 

. considerably more difficult, and the Hindu process correspondingly defective. 
We will first present the explanation of it which the commentator gives. 


š He states the problem thus: * by whatever interval the directions of the 
—. equator are deflected from directions corresponding to those of the prime 





E. vertienl, northward or southward, that is the deflection due to latitude 
| = (dkasha valana). Now then: if a movable circle be drawn through the pole 
of the prime vertical (sama) and the point occupied by the planet [i.e., 
the circle NMS, Fig. 22], then the interval of the ' easts,” at the distance 
M. of a quadrant upon each of the two circles, the equator and the prime 
" vertical, from the points where they are respectively cut by that circle 
| [i.e., from T and V] will be the deflection. . . - Now when the planet is 
m. at the horizon [as at D, referred to E/] then that interval is equal to the 
—— latitude [ZQ]; when the planet is upon the meridian (yámyottaravrtta, 
in |... ** south and north circle '') [i.e., when it is nt R, referred to Q and Z]. 
"o there is no interval [as at E/]. Hence, by the following proportion—with 
M a sine of the hour-angle which is equal to radius the sine of deflection for 
C latitude is equal to the sine of latitude; then with any given sine of the 
a | hour-angle what is it?-—a sine of latitude is found, of which the arc is the 
ee required deflection for latitude.” This is, im the Hindu form of staternent, 
— Etis proportion represented by the rule in verse 24, viz., R : £in lat.:: sin 
vs +Š a * hour-angle : sin deflection. i 
T. /J — Tt seems to us very q 








uestionable, at least, whether the Hindus had 


any more rigorous demonstration than this of the process they adopted, 
pue wherein lay the inaccuracies of the latter. These we wil now 
proceed ! In the first place, instead of measuring the angle 
| mad . at the point in question, M, by the two small circles, the east and 
west circle and that of daily revolution—which would be the angle PMN— 
nae they refer the body to the equator by à cirele passing through the north 
[ "he of the horizon, and measure the deflection of the equator 
at U and west circle at its intersection with that circle—which 
i "if formerly explained, 
intention 
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circle of daily revolution, DR, the 
e ecliptic at M and the 


then the two parts of the process are inconsistent in this, that 


and the other T, at 
But neither is 
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the one takes as its equatorial point of measurement O, 
the direction of the equator is different. 


| correctly found. For. in the spherical triangle PNT, to 


Ige AS + o R) : sin PN :: sin PNT : sin PTN 
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of the hour-angle, ZPM or MPN, although with a certain modification which 
the commentary prescribes, and which makes of it something very near the 
angle TPN. The text says simply natajyd, '' the sine of the hour-angle '' 
(for nata, see notes to iii. 84-36, and 14-16), but the commentary specifies 
that, to find the desired angle in degrees, we must multiply the hour-angle 
ir time by 90, and divide by the half-day of the planet. This is equivalent 
to making a quadrant of that part of the circle of diurnal revolution which 
i! between the horizon and the meridian, or to measuring distances upon 
DR as if they were proportional parts of E'Q. To mnke the Hindu process 
correct, the product of this modification should be the angle PNT, with 
which, however, it only coincides at the horizon, where both TPN and TNP 
become right-angles, and at the meridian, where both are reduced to nullity. 
The error is closely analogous to that involved in the former process, and 
is of slight account when latitude is small, as is also the error in substituting 
T for O or M when neither the latitude nor the declination is great. 

The direction of the ecliptic deflection (dyana valana) is the same, 
evidently, with that of the declination a quadrant eastward from the point 
in question; thus, in the case illustrated by the figure, it is south. The 
direction of the equatorial deflection (áksha valana) depends upon the 
position of the point considered with reference to the meridian, being—in 
northern latitudes, which alone the Hindu system contemplates—north 
when that point is east of the meridian, and south when west of it, as 
specified in verse 24: since, for instance, E’ being the east point of the 
horizon, the equator at any point between v and Q points, eastward, toward 
a point north of the prime vertical. In the case for which the figure is 
drawn, then, the difference of the two would be the finally resulting deflec- 
tion. Since, in making the projection of the eclipse, it is laid off na d 
straight line (see the illustration given in connection with chapter vi), 1t 
must be reduced to its value as a sine: and moreover, sine- it is laid down 
:n a circle of which the radius is 49 digits (see below, vi. 2), or in which 
one digit equals 70’—for 3498! = 49— 70', nearly—that sine ie reduced to its 
value in digits by dividing it by 70, : l | 

The general subject of this passage, the determination of directions 
during an eclipse, for the purpose of establishing the positions, upon the 
disk of the eclipsed body, of the points of contact, immersion, emergence, 
and separation, also engaged the attention of the Greeks; Ptolemy devotes 
to it the eleventh and twelfth chapters of the sixth book of his Syntaxis : 
his representation of directions, however, and consequently his method of 
calculation also, are different from those here exposed. 


26. To the altitude in time (unnata) add a dav and a half, 
and divide by a half-day ; by the quotient divide the latitudes and 
the disks; the results are the measures of those quantities In 
digits (angula). 
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By this process due account is taken, in the projection of an eclipse, 
— of the apparent increase in magnitude of the heavenly bodies when near 
the horizon. The theory lying at the foundation of the rule is this: that 
three minutes of are at the horizon, and four at the zenith, are equal to a 
digit, the difference between the two, or the excess above three minutes 
of the equivalent of a digit at the zenith, being one minute. To ascertain, 
then, what will be, at any given altitude, the excess above three minutes of 
the equivalent of a digit, we ought properly, according to the commentary, 

to make the proportion 


R: I’ :: sin altitude : corresp. excess 


Since, however, it would be a long and tedious process to find the altitude 
and its sine, another and approximative proportion is substituted for this 
— —7 * by the blessed Sun,” as the commentary phrases it, ` through compassion 


— - for mankind, and out of regard to the very slight difference between the 
* two.” It is assumed that the seale of four rninutes to the digit will be 
— — always the true one nt the noon of the planet in question, or whenever it 
n crosses the meridian, although not at the zenith; and so likewise, that the 
. relation of the altitude to 90° may be measured by that of the time since 
i rising or until setting (unnata—see above, iii. 37-39) to a half-day. Hence 
— the proportion becomes 

he half-day : 1’ :: altitude in time : corresp. excess 


I " Í . , alt. in time 
E . and the excess of the digital equivalent above 3' equals "ror day ` 


f$ Adding, now, the three minutes, nnd bringing them into the fractional 
rct expression, we have 











* equiv. of digit in minutes at giver-time = alt. in tine oe. 

T The title of the fourth chapter is candragrahanádhikára, `° chapter of 

" Yo lunar eclipses," as that of the fifth is saryagrahanddhikdra, '' chapter of 
— solar eclipses." In truth, however, the processes and explanations of this 

— — chapter apply not less to solar than to lunar eclipses, while the next treats 

ps only of parallax, as entering into the calculation of a solar eclipse. We 
have taken the liberty, therefore, of modifving accordingly the headings 

s which we have prefixed to the chapters. 

SASS 

laetae a 

ne CHAPTER V. 


Or PARALLAX IN A SOLAR ECLIPSE. 


E TS ia no parallax in longitude, or no parallax in latitude; 2. 

of parallax ; 8, to find the orient-aine: 4-5, the meridian-sine; 5-7, and the 
ecliptic zenith-distance and altitude; 7-5, to find the amount, in time, of 
k in longitude ; 9. its application in determining the moment of apparen' 
) , to find the amount, in are, of the parallax in latitude; 12-13, 



















b | 3 : v J " i is 
“> * ae 
" 2 





mb 





"EST s: oes 7 hr ZA G 
EMEN S E au, ZC SED EE ead ax à. 
E 62 BR  Sürya-Siddhánta 
| i i: < s , ` 
—— its application in calculating an eclipse; 14-17, application of the parallax in 
"s T7 longitude in determining the moments of contact, of separation, etc. 
ie 1. When the sun's place is coincident with the meridian 
p 


j ecliptic-point Gnadhyalagna), there takes place no parallax in 
longitude (harija): farther, when terrestrial latitude (aksha) and 
north declination of the meridian ecliptic-point (madhyabha) are 
the same, there takes place no parallax in latitude (avanali). 


The latter of these specifications is entirely accurate: when the north 
declination of that point of the ecliptic which is at the moment upon the 
meridian (madhyalagna; see iii. 49) is equal to the observer's latitude— 
regarded by the Hindus as always north—the ecliptic itself passes through 
the zenith, and becomes a vertical circle; of course, then, the effect of 
parallax would be only to depress the body in that circle, not to throw it 
out of it. The other is less exact: when the sun is upon the meridian, 
there is, indeed, no parallax in right ascension, but there is parallax in 
longitude, unless the ecliptic is also bisected by the meridian. Here, as 
below, in verses 8 and 9, the text commits the inaccuracy of substituting 
the meridian ecliptic-point (L in Fig. 26) for the central or highest point 
of the ecliptic (B in the same figure). The latter point, although we are 
taught below (vv. 5-7) to calculate the sine and cosine of its zenith-distance, 
is not once distinctly mentioned in the text; the commentary calls it 
tribhonalagna, `' the orient ecliptic-point (lagna—see above, iii. 46-48: it 
is the point C in Fig. 26) less three signs.” The commentary points out 
this inaccuracy on the part of the text. 


In order to illustrate the Hindu method of looking nt the subject of 
parallax, we make the following citation from the general exposition of it 
given by the commentator under this verse: '" At the end of the day of 
new moon (umávásyád) the sun and 
moon have the same longitude; if now, 
the moon has no latitude, then n line 
drawn from the earth's centre [C in 
the accompanying figure] to the sun's 
place [S] just touches the moon 
[M]: hence, at the centre, the moon 
becomes an eclipsing, and the sun an 
eclipsed, body. Since, however, men 
are not at the earth's centre (garbha, 
'" womb ''), but upon the earth's sur- - 
face (prahtha, '* back *'), a line drawn ——— 
from the earth's surface [B] up to 
the sun does not just touch the moon; — 
but it cuts the moon's sphere above - F 


Fig. 24. 
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the point occupied by the moon [at m], and when the moon arrives at 
this point, then is she at the earth's surface the eclipser of the sun. But 
when the sun is at the zenith (khamadhya, '* mid-heaven *'), then the lines 
drawn up to the sun from the earth’s centre and surface, being one and the 
same, touch the moon, and so the moon becomes an eclipsing body at the 
end of the day of new moon. Hence, too, the interval [Mm] of the lines 

from the earth's centre and surface is the parallax (lam bana). ` 
< 4t is evident from this explication how far the Hindu view of parallax 
| . iş coincident with our own. The principle is the same, but its application 
is somewhat different. Instead of taking the parallax absolutely, deter- 
mining that for the sun, which is BSC, and that for the moon, which is 
BMC, the Hindus look at the subject practically, as it must be taken 
— A account of in the calculation of an eclipse, and calculate only the difference 
of the two parallaxes, which is mBM, or, what is virtually the same thing, 
h MCm. The BSürya-Siddhánta, however, as we shall see hereafter more 
plainly, takes no account of any case in which the line CS would not pass 
through M, that is to say, the moon's latitude is neglected, and her 

parallax caleulated as if she were in the ecliptic. 
We cite farther from the commentary, in illustration of the resolution 
— of the parallax into parallax in longitude and parallax in latitude. 

| " Now by how many degrees, measured on the moon's sphere (gola), 


> 


fas the line drawn from the enrth's surface up to the sun cuts the moon's 
* vertical circle (drgortta) above the point oceupied by the moon—this is, 
⁄ when the vertical circle and the ecliptic coincide, the moon's parallax in 


| longitude (lambana). But when the ecliptie deviates from a vertical circle, 
4 then, to the point where the line from the earth's surface cuts the moon's 
x m sphere on the moon's vertical circle above the moon [i.e., to m, Fig. 25], 
ECC | draw through the pole of the ecliptic 
E Fig. 9. (kadamba) a circle [P'min'] north and 
i south to the ecliptic on the moon's 
sphere [Mm] : and then the east and 
west interval [Mn] on the ecliptic 
between the point occupied by the 
moon [M] and the point where the 
circle as drawn cuts the ecliptic on 
| C | the moon's sphere [n'] is the moon's 
a J x PL n true (sphiuta) parallax in longitude, in 
| min rpendieular (koti). And since the moon moves along 

| north and south interval, upon the circle we have 

nd the vertical circle [mn/] is, in minutes, 
which is the base (bhuja). The interval, in 
th rcle [ZA], between the lines from the earth's 
urface [mM], is the vertical parallax (drglambana), and the 
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mM "The Car ls here presented, dt will Pa noticed, is that the moon's 
F: path, or the ** eclipti ic on the moon's sphere," i is depressed away from CL, 
EE which. might be called the '' ecliptic on the sun's sphere,” to an amount 
d measured as latitude by mn' and as longitude by n'M. To our apprehension, 
—  mnM, rather than mn'M, would be the triangle of resolution: the two are 
virtunlly equal. 
Mn The commentary then goes on farther to explain that when the vertical 
circle and the secondary to the ecliptic coincide, the parallax in longitude 
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disappears, the whole vertical parallax becoming parallax in latitude: and | : 


. again, when the vertical circle and the ecliptic coincide, the parallax in 
» . latitude disappears, the whole vertical parallax becoming parallax in 
| longitude. 


The term uniformly employ ed by the commentary, and more usually 
by the text, to express parallax in longitude, namely lambana, is from the 
same root which we have already more than once had occasion to notice 


(see above, under i. 25, 60), and means literally *° hanging downward." - 


In this verse, as once or twice later (vv. 14, 16), the text uses harija, which 
the commentary explains as equivalent HS. kshitija, '' produced by the 
earth:'' this does not seem very plausible, but we have nothing better to 
suggest. For parallax in latitude the text presents only the term avanati, 
“ bending downward, depression:'' the commentary always substitutes for 
it nati, which has nearly the same sense, and is the customary modern. term. 


2. How parallax in latitude arises by reason of the difference 
of place (deca) and time (kála), and also parallax in longitude 
(lambana) from direction (dig) eastward or the contrary—that 1s 
now to be explained. ` 


This distribution of the three elements of direction, place, and time, 
as causes respectively of parallax in longitude and in latitude, is somewhat 
arbitrary. ‘The verse is to be taken, however, rather as a general introduc- 
tion to the subject of the chapter, than as a systematic statement of the 


causes of parallax. z 
3. Calculate, by the equivalents in oblique ascension E x 
savas) of the observer's place, the orient ecliptic-point | (lagna) for > 


the moment of conjunction (parvavinddyas) : multiply the sine of 
its longitude by the sine of greatest declination, and divide by the 


sine of co-latitude (lamba): the result is the quantity known as a 


the orient-sine (udaya). 
The object of this first step in the rather tedious operation of caleulati 
the parallax is to find for a given ‘moment—here the ‘moment of pue je 
Lr  eonjunction—tbe sine of amplitude of. that point « ot the ecliptic which is 
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F point (lagna) is determined, by the data and methods taught above, in ii. 
| 46-48, and which are sufficiently explained in the note to that passage: 
: then its sine of amplitude is found, by a process which is a combination of 
—. that for finding the declination from the longitude, and that for finding the 
h CONS from the declination. Thus, by ú. 28, 

A : sin gr. decl.:: sin long.: sin decl. 


AE — 
sin co-lat.: R :: sin decl.: sin ampl. 


I » ‘combining terms, we have 

E. = sin co-lat.: sin gr. decl.:: sin long.: sin ampl. 

EL. "This sine of amplitude receives the technical name of udaya, or 
| ajy: the literal meaning of udaya is simply '' rising.’ 


T — 'Phen, by means of the equivalents in right ascension 
p anko 1yâsavas), find the ecliptic-point (lagna) called that of the 
c: neri idia; 1 (madhya) : of the declination of that point and the latitude 
fa of th ie observer take the sum, when their direction is the same; 


y otherwise, take their difference. 


E i 5. The result is the meridian zenith-distance, in degrees 
tatánç ás) : its sine is Co As the maeridian-sine 


m adhyajyâ). shen 
2 + rhe accompanying: o (Fig. 26) will assist the comprehension of 
an Let NESW be a horizontal plane, NS 
the projection upon it of the meridian, 
and EW that of the prime vertical, Z 
being the zenith. Let CLT be the 
ecliptic. Then C is the orient ecliptic- 
point (lagna), and CD the sine of its 
amplitude (udayajyd), found by the 
last process. The meridian ecliptie 
point (madhyalagna) is L: it is ascer- 
tained by the method prescribed in 
iii. 49, above. Its distance from the 
zenith is found from its declination 
and the latitude of the place of 
observation, as taught in iii. 20-22; 
and the sine of that distance, by 


| — 


— i which, in the figure, it is seen pro- 
A called by the — name madh! vm. which we have 


Sese asss ridi ap-sine.'" ao) 
I A 4 
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= 5. . . . Multiply the meridian-sine by the orient-sine, and 
divide by radius : square the result, 


6. And subtract it from the square of the meridian-sine : the 
square root of the remainder is the sine of ecliptic zenith-distance 
(drkkshepa) ; the square root of the difference of the squares of 
that and radius is the sine of ecliptic-altitude (drggati). 


Here we are taught how to find the sines of the zenith-distance and 
altitude respectively of that point of the ecliptic which has greatest altitude, 
or is nearest to the zenith, and which is also the central point of the 
portion of the ecliptic above the horizon: it is called by the com- 
mentary, as already noticed (see note to v. 1), tribhonalagna. ‘Thus, in the 
last figure, if QR be the vertical circle passing through the pole of the 
ecliptic, P', and cutting the ecliptic, CT, in B, B is the central ecliptic- 
point (fribhonalagna), and the arcs seen projected in ZB and BR are its 
zenith-distance and altitude respectively. In order, now, to find the sine 
of ZB. we first find that of BL, and by the following process. CD is the 
orient-sine, already found. But since CZ and CP: are quadrants, © is 
a pole of the vertical circle QR, and CR is a quadrant. ES is also à 
quadrant: take away their common part CS, and CE remains equal to SR, 
and the sine of the latter, SO, is equal to that of the former, CD, the 
'" orjent-sine." Now, then, ZBL is treated as if it were a plane horizontal 
triangle, and similar to ZOS, and the proportion is made 

ZB: SO :: Zb: BL 
Or R : or.-sine :: mer.-sine: BL 


This is so far a correct process, that it gives the true sine of the are 
BL: for, by spherical trigonometry, in the spherical triangle ZBL, right- 
angled at B, 

sin ZBL : sin BZL :: sin are ZL : sin are BL 

or R : 80 :: ZL: sin BL 

But the third side of a plane right-angled triangle of which the sines 
of the arcs ZB and ZL are hypothenuse and perpendicular, is not the sine 
of BL. If we conceive the two former sines to be drawn from Z, meeting 
in b and | respectively the lines drawn from B and L to the centre, then 
the line joining bl will be the third side, being plainly less than sin BL. 
Hence, on subtracting sin * BL from sin? ZL, and taking the square root 
of the remainder, we obtain, not sin ZB, but a less quantity, which may 
readily be shown, by spherical trigonometry, to be sin ZB cos BL. The 
value, then, of the sine of ecliptic zenith-distance (drkkehepa) as determined 
by this process, is always less than the truth, and as the corresponding cosine 
(drggati) is found by subtracting the square of the sine from that of radius, 
and taking the square root of the remainder, its value is always proportionally 
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greater than the truth. This inaccuracy is noticed by the commentator, 
who points out correctly its reason and nature: probably it was also known 
to those who framed the rule, but disregarded, as not sufficient to vitiate 
the general character of the process: and it may, indeed, well enough pass 
unnoticed among all the other inaccuracies involved in the Hindu calcula- 
tions of the parallax. 
| As regards the terms employed to express the sines of ecliptic zenith- 
distance and altitude, we have already met with the first member of each 
compound, dre, literally '' sight," in other connected uses: as in drgjyd, 
iF ** sine of zenith-distance '' (see above, iii. 33), drgurtta, © vertical-cirele '' 
= (commentary to the first verse of this chapter): here it is combined with 
= words which seem to be rather arbitrarily chosen, to form technical appella- 
— tions for quantities used only in this process: the literal meaning of kshepa 
is '' throwing, hurling; '' of gati, *' gait, motion. '' 


* 
b. 7. The sine and cosine of meridian zenith-distance (natáncás) 
(ai are the approximate (asphuta) sines of ecliptic zenith-distance and 
ET altitude (drkkshepa, drqgati). . . . 

: | This is intended as an allowable simplification of the above process 
— for finding the sines of ecliptie zenith-distanee and altitude, by substituting 
| for them. other quantities to which they are nearly equivalent, and which 
.. are easier of ealculation. These are the sines of zenith-distance and altitude 
— of the meridian ecliptie-point (madhyalagna—t. im Fig. 26) the former of 
= which has already been made an element in the other process, under the 
|J mam eof“ meridian-sine '' (madhyajyá). It might, indeed, from the terms 
— of ie text, be doubtful of what point the altitude and zenith-distance were 

T Ag to | e taken; a passage cited by the commentator from  Bháskara's 
| ánta-Qiromani (found on page 221 of the published edition of the 
áAdhyáya) directs the sines of zenith-distance and altitude of B (tribhona- 
en | the sine and cosine of the 
hose of ZB in a hasty process: but the 
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8. By this ** d visor ' divide the sine of the interval between 
he meridian ecliptic-point (madhyalagna) and the sun's place: 


th quotient is to be regarded as the parallax in longitude (lam- 
x bana) of the sun and moon, eastward or westward, in nádis, etc. 
TU * —— | = `> w remy 
E o- The true nature of the process by which this final rule for finding the 
— — parallax in longitude is obtained is altogether hidden from sight under 
the form in which the rule is stated. Its method is as follows: 
S We have seen, in connection with the first verse of the preceding 


chapter, that the greatest parallaxes of the sun and moon are quite nearly 
equivalent to the mean motion of each during 4 nådis. Hence, were both 
bodies in the horizon, and the ecliptic a vertical circle, the moon would 
be depressed in her orbit below the sun to an amount equal to her excess 
in motion during 4 nàádis. 

parallax in longitude. To find what it would be at any other point in the 
ecliptic, still considered as a vertical circle, we make the proportion 


R : 4 (hor. par.) :: sin zen.-dist.: vert. parallax 
This proportion is entirely correct, nnd in accordance with our 
modern rule that, with a given distance, the parallax of a body varies as 


the sine of its zenith-distance: whether the Hindus had made a rigorous | 


demonstration of its truth, or whether, as in so many other cases, seeing 
that the parallax was greatest when the sine of zenith-distance was grentest, 
and nothing when this was nothing, they assumed it to vary in the interval. 


as the sine of zenith-distance, saying ''if, with a sine of zenith-distance ` 


which is equal to radius, the parallax is four nádis, with a given sine of 
zenith-distance what is it? ''—this we will not venture to determine. 


But now is to be considered the farther case in which the ecliptie is 
not a vertienl circle, but is depressed below the zenith a certain distance, 
measured bv the sine of ecliptic zenith-distance (drkkshepa), already found. 
Here again, noting that the parallax is all to be reckoned as parallax in 
longitude when the ecliptic is a vertical circle, or when the sine of ecliptic- 
altitude is greatest, and that it would be only parallax in latitude when 
the ecliptic should be a horizontal circle, or when the sine of ecliptic-altitude 
should be reduced to nothing, the Hindus assume it to vary in the interval | 
as that sine, and accordingly make the proportion : “if, with a sine. of 
ecliptic-altitude that is equal to radius, the parallax in longitude is equal 
to the vertical parallax, with any given sine of ecliptic-altitude what 1s it? 
—or, inverting the middle terms, 


R : sin eel.-alt.:: vert. parallax : parallax in long. | 
But we had before : | 
R: 4 :: sin zen.-dist. : vert. parallax 


Ty = i 
» 


= D " i m å | Í 84 - : 
rs — Es. e 13 ——— 


This, then, is the moon's greatest horizontal 
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hence, by combining terms, Ly 
R2 : 4 sin ecl.-alt.:: sin zen.-dist.: parallax in long. 


For the third term of this proportion, now, is substituted the sine of the 
distance of the given point from the central ecliptic-point: that is to say, 
Bm (Fig. 26) is substituted for Zm; the two are in fact of equal value only 
when they coincide, or else at the horizon, when each becomes a quadrant; 
but the error involved in the substitution is greatly lessened by the circum- 
stance that, as it increases in proportional amount, the parallax in longitude 
itself decreases, until at B tha latter is reduced to nullity, as is the vertical 
parallax at 7. The text, indeed, as in verses 1 and 9, puts madhyalagna, 
L, for tribhonalagna, B, in reckoning this distance: but the commentary, 
without ceremony or apology, reads the latter for the former. These sub- 
stitutions being made, and the proportion being reduced to the form of an 
equation, we have 


sin dist. x 4 sin ecl.-a!t. 
HK? 


par. in long. — 
which reduces to 
sin diat. * sin dist. 
I R" +4 sin ecl.-alt. 4R*+ain ecl.-ait. 
and since JR? — (1R)?, and }R=sin 30^, we have finally 
sin dist. 
sin* 30° -- sin ecl.-ait. 
which is the rule given in the text. To the denominator of the fraction, 
in its final form, is given the technical name of cheda, ** divisor," which 
word we have had before similarly used, to designate one of the factore in 
á complicated operation (see above, iii. 35, 38). 
We will now examine the correctness of the second principal proportion 
from which the rule is deduced. It is, in terms of the last figure (Fig. 26), 
R : sin ZP’ (= BR) :: mM : mn 
Assuming the equality of the little triangles Mmn and Mmn', and according- 
ly that of the angles mMn and Mmn', which latter equals ZmP’, we have, 
by spherical trigonometry, as à true proportion, 
sin mn'M : sin Mmn' :: mM : mn! 
or R : sin ZmP'! :: mM : mn 
Hence the former proportion is correct only when sin ZP and sin ZmP' 
are equal; that is to say, when ZP'! measures the angle ZmP'; and this can 
be the case only when Zm, 88 well as P'm, is a quadrant, or when m is on 
ES the T . Here again, however, precisely as in the case last noticed, 
the importance of the error is kept within very narrow limits by the fact 


par. in long.” 





— that, as its relative consequence increases, the amount of the parallax in 


ted by it diminishes. 
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The text so pertinaciously reads '' meridian ecliptic-point '" (madhya- 
lagna) where we should expect, and ought to have, ** central ecliptic-point '' 
(tribhonalagna), that we are almost ready to suspect it of meaning to desig- 
nate the latter point by the former name. It is sufficiently clear that, 
whenever the sun and moon are to the eastward of the central ecliptic- 
point, the effect of the parallax in longitude will be to throw the moon 
forward on her orbit beyond the sun, and so to cause the time of apparent 
to precede that of real conjunction; and the contrary. Hence, in the eastern 
hemisphere, the parallax, in time, is subtractive, while in the western it is 
additive. But a single calculation and application of the correction for 
parallax is not enough; the moment of apparent conjunction must be found 
by a series of successive approximations: since if, for instance, the moment 
of true conjunction is 25" 2*, and the calculated parallax in longitude for 
that moment is 2» 21", the apparent end of the lunar day will not be at 
27» 28%, because at the latter time the parallax will be greater than 
2» 91*, deferring accordingly still farther the time of conjunction; and so on. 
The commentary explains the method of procedure more fully, as follows: 
for the moment of true conjunction in longitude calculate the parallax in 
longitude, and apply it to that moment: for the time thus found calculate 
the parallax anew, and apply it to the moment of true conjunction : again, 
tor the time found ns the result of this process, caleulate the parallax, and 
apply it as before; and so proceed, until à moment is arrived at, at which 
the difference in actual longitude, according to the motions of the two 
planete, will just equal and counterbalance the parallox in longitude. 

The accuracy of this approximative process cannot but be somewhat 
impaired by the circumstance that, while the parallax is reckoned in differ- 
ence of mean motions, the corrections of longitude must be made in true 
motions. Indeed, the reckoning of the horizontal parallax in time as 4 
nádis, whatever be the rate of motion of the sun and moon, is one of the ` 

most palpable among the many errors which the Hindu process involves. 

To ascertain the moment of apparent conjunction in longitude, only 
the parallax in longitude requires to be known; but to determine the time 
of occurrence of the other phases of the eclipse, it is necessary to take into 

- necount the parallax in latitude, the ascertainment of which is accordingly = 
made the subject of the next rule. 


10. If the sine of ecliptic zenith-distance (drkkshepa) be —— 
multiplied by the difference of the mean motions of the sun and - 3 


z. £=. s x sla" 
| ua — = 
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Fide : Tübori, and divided by fifteen times radius, the result will be the 
parallax in latitude (avanati). . 


i . As the sun’s greatest parallax is equal to the fifteenth part of his 
| mean daily motion, and that of the moon to the fifteenth part of hers (see 
note to iv. 1, above), the excess of the moon's parallax over that of the 
| sun is equal, when greatest, to one fifteenth of the difference of their respec- 
| tive mean daily motions. This will be the value of the parallax in latitude 
when the ecliptic coincides with the horizon, or when the sine of ecliptic 
zeni ith-distance becomes equal to radius. On the other hand, the parallax 
dn latitude disappears when this same sine is reduced to nullity. Hence it 
t" ds to be regarded as varying with the sine of ecliptic zenith-d:stance, and, 

IET. in order to find its value at any given point, we say “‘ if, with a sine of 
mee zenith- distance which is equal to radius, the parallax in latitude is 
DA fifteenth of the difference of mean daily motions, with a given sine of 


_ ecliptic z zenith- distance what is it?" or f 
: diff. of mean. m.+15 : : sin ecl. zen.-dist. ; un X jan in lat. 


E a a This proportion, it is evident, would give with entire correctness the 
| paralla at the central eeliptie-point (B in Fig. 26), where the whole vertical 
y T parallax is to be reckoned as parallax in latitude. But the rule given in 
ES ^r text also assumes that, with a given position of the ecliptic, the parallax 
23 A in lati titude i: is the same nt any point in the ecliptic, Of this the commentary 
E no demonstration, but it is essentially true. For, regarding the little 
triangle Mmn as a plane triangle, right-angled at n, and with its angle 


aga qual to. the angle ZmB, we hnve 
Nerio R: sin ZmB :: Mm : Mn 








































um he apberisa triangle ZmB, right-angled at B, 

BS WES et TB: sin ZmB :: sin Zm : sin ZB 
ice, by equality of ratios, 

F — sin Zm : sin ZB :: Mm : Mn 

E ES * | 

| E as before shown, | 

1 T R: sin Zm: : gr. parallax : Mm 

1 er ‘combining terms, | 
i a ` R: sin ZB :: gr. parallox : Mn 


bd to iay, whatever be the position of m, the point for w rhich = 
of the 


m n. — is sought, this will be equal to the product 
hah. "alli into the sine of ecliptic zenith-distance, divided by radius: 
catest parallax equals the difference of mean motions divided 


t. x dilT. of m. m. * 15 = sin ecl. zen. -dist. x diff. of m. m. 
diat. n o 18 
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ui The next verse teaches more summary methods of arriving abs she 
m^ quantity. 


tlc 11. Or, the parallax in latitude is the quotient arising from 
dividing the sine of ecliptic zenith-distance (drkkshepa) by seventy, 
or, from multiplying it by forty-nine, and dividing it by radius. 


- In the expression given above fon the value of the parallax in latitude, 
all the terms are constant excepting the sine of ecliptic zenith-distance. 
The difference of the mean daily motions is 731’ 27", and fifteen times 
radius is 51,570. Now 731'27"+51,570’ equals rras T 48.77+ R; 


to which the expressions given in the text are sufficiently near approxi- 
mations. 


12. The parallax in latitude is to be regarded as south or 
north according to the direction of the meridian-sine (madhyajyá). 
When it and the moon's latitude are of like direction, take their 
sum ; otherwise, their difference : 


13. With this calculate the half-duration (sthiti), half total 
obscuration (vimarda), amount of obscuration (grása), etc., in the 
manner already taught ; likewise the scale of projection (pramdna), 
the deflection (valana), the required amount of obscuration, etc., 
as in the case of a lunar eclipse. 


In ascertaining the true time of occurrence of the various phases of 
a solar eclipse, as determined by the parallax of the given point of observ- 
ation, we are taught first to make the whole correction for parallax in 
latitude, and then afterward to apply that for parallax in longitude. The 
former part of the process is succinctly taught in verses 12 and 13: the rules 
for the other follow in the next passage. The language of the text, as 
usual, is by no means so clear and explicit as could be wished. ‘Thus, in 
the case before us, we sre not taught whether, as the first step in this 
process of correction, we are to calculate the moon's parallax in latitude 
for the time of true conjunction (tithyanta, *' end of the lunar day ''), or 
for that of apparent conjunction (madhyagrahana, ** middle of the 
eclipse '"). It might be supposed that, as we have thus far only had in 
the text directions for finding the sine and cosine of ecliptie zenith-distance 
at the moment of true conjunction, the former of them was to be used in 
the calculations of verses 10 and 11, and the result from it, which would 
be the parallax at the moment of true conjunction, applied here as the 
correction needed. Nor, so far as we have been able to discover, does the 
commentator expound what is the true meaning of the text upon this point. 
It is sufficiently evident, however, that the moment of apparent conjunc- 
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tion is the time required. We have found, by a process of successive approxi- 


mation, at what time (see Fig. 25), the moon (her latitude being neglected) 
being at m and the sun at n the parallax in longitude and the difference of 
true longitude will both be the same quantity, mn, and so, when apparent 
conjunction will take place. Now, to know the distance of the two centres 
at that moment, we require to ascertain the parallax in latitude, n M, for 
the moon at m, and to apply it to the moon's latitude when in the same 
position, taking their sum when their direction is the same, amd their 
difference when their direction is different, as prescribed by the text; 
the net result will be the distance required. The commentary, it may be 
remarked, expressly states that the moon's latitude is to be calculated in 
this operation for the time of apparent conjunction (madhyagrahana). The 
distance thus found will determine the amount of greatest obscuration, and 
. the character of the eclipse, as taught in verse 10 of the preceding chapter. 
It is then farther to be taken as the foundation of precisely such a process 
as that described in verses 12-15 of the same chapter, in order to ascertain 
the half-time of duration, or of total obscuration : that is to say, the distance 
in latitude of the two centres being first assumed as invariable through the 
whole duration of the eclipse, the half-time of duration, and the resulting 
moments of contact and separation are to be ascertained : for these moments 
the latitude and parallax in latitude are to be calculated anew, and by them 
a new determination of the times of contact and separation is to be made, 
— and so on, until these are fixed with the degree of accuracy required, If the 
eclipse be total, a similar operation must be gone through with to ascertain 
the moments of immersion and emergence. No account is made, it will be 
noticed, of the possible occurrence of an annular eclipse. 

The intervals thus found, after correction for parallax in latitude only, 
between the middle of the eclipse and the moments of contact and separa- 
tion respectively, are those which are called in the last chapter (vv. 19, 23), 
the '' mean half-duration '' (madhyasthityardha). 

In this process for finding the net result, as apparent latitude, of the 
actual latitude and the parallax in latitude, is brought out with distinctness 
the inaccuracy already alluded to; that, whatever be the moon's actual 
latitude, her parallax is always caleulated as if she were in the ecliptic. In 
an eclipse, however, to which case alone the Hindu processes are intended 

to be applied, the moon's latitude can never be of any considerable amount. 
PIN ‘fhe propriety of determining the direction of the parallax in latitude 
by means of that of the meridian-sine (ZL in Fig. 26), of which the 










WC direction is established as south or north by the process of its calculation, 

|. js too evident to call for remark. iul. 

E uo In verse 18 is given a somewhat confused specification of matters 

mE which are, indeed, affected by the parallax in latitude, but in differen? 

* “modes an degrees. The amount of greatest obseuration, and the (mean) 
hal times of duration and total obscuration, are the quantities directly 
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true half-duration, as found by the rules stated in the following passage: 


. while the scale of projection and the deflection are affected by parallax 


-only so far as this alters the time of occurrence of the phases of the eclipse. 


14. For the end of the lunar day, diminished and inoreased 
by the half-duration, as formerly, calculate again the parallax in 
longitude for the times of contact (grása) and of separation 
(moksha), and find the difference between these and the parallax 
in longitude (harija) for the middle of the eclipse. 


15. If, in the eastern hemisphere, the parallax in longitude 
for the contact is greater than that for the middle, and that for 
the separation less ; and if, in the western hemisphere, the contrary 
is the case— | 


16. Then the difference of parallax in longitude is to be added 
to the half-duration on the side of separation, and likewise on that 
of contact (pragrahama); when the contrary is true, it is to be 
subtracted. ` i 


17. These rules are given for cases where the two parallaxes 
are in the same hemisphere: where they are in different hemi- 
spheres, the sum of the parallaxes in longitude is to be added to 
the corresponding half-duration. The principles here stated apply 
also to the half-time of total obscuration. | 


We are supposed to have ascertained, by the preceding process, the 
true amount of apparent latitude at the moments of first and last contact 
of the eclipsed and eclipsing bodies, and consequently to have determined 
the dimensions of the triangle—corresponding, in a solar eclipse, to CGP, 

Fig. 21, in a lunar—made up of the latitude, the distance in longitude, 
and the sum of the two radii. The question now is how the duration of 
the eclipse will be affected by the parallax in longitude. If this parallax 
remained constant during the continuance of the eclipse, its effect would 


be nothing; and, having once determined by it the time of apparent con- — 


junction, we should not need to take it farther into account. But it varies 


from moment to moment, and the effect of ite variation is to prolong the 


duration of every part of a visible eclipse. For, to the east of the central 
ecliptie-point, it throws the moon's 
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which is all the time decreasing, so that it hastens the beginning 
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n's disk forward upon that of the sun, thus — 
ing the occurrence of all the phases of the eclipse, but by an amount | 


b . dependent upon the calculation of that parallax, ass here presented: to | 
: " find the amount of obscuration nt a given moment—as also the time corres- 
n = ponding to a given amount of obscuration—we require to know also the 
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eclipse more than the middle, and the middle more than the close: to the 

west of that same point, on the other hand, it depresses the moon's disk 

away from the sun's, but by an amount constantly increasing, so that it 
5 retards the end of the eclipse more than ita middle, and its middle more 
e than its beginning. The effect of the parallax in longitude, then, upon 
- . each half-duration of the eclipse, will be measured by the difference between 
|. ts retarding and accelerating effects upon contact and conjunction, and upon 
pa | conjunction and separation, respectively : and the amount of this difference 


J | will always be additive to the time of half-duration as otherwise determined. 


b 


* 2 E however, contact and conjunction, or conjunction and separation, take 
Ls place upon opposite sides of the point of no parallax in longitude, then the 
= sum of the two parallactic effects, instead of their difference, will be to be 
— - added to the corresponding half-duration: since the one, on the east, will 
hasten the occurrence of the former phase, while the other, on the west, 

|. will defer the occurrence of the latter phase. The amount of the parallax 
NT in longitude for the middle of the eclipse has already been found; if, now, 
fL. we farther determine ita nmount—reckoned, it will be remembered, always 


Dv Me in time—for the moments of contact and separation, and add the difference 
Ll |. or the sum of each of these and the parallax for the moment of conjunction 
X to the corresponding. half-duration as previously determined, we shall have 


"ad the true times of half-duration. In order to find the parallax for contact 
m" and separation, we repeat the same process (see above, v. 9) by which that 
ET for conjunction was found: ns we then started from the moment of true 
— conjunction, and, by a aeries of successive approximations, ascertained the 
" > time when the difference of longitude would equal the parallax in longitude, 
Y. * go now we start from two moments removed from that of true conjunction 
by the equivalents in time of the two distances in longitude obtained by 
Aa the last process, and, by a similar series of successive approximations, Ascer- 
tain ne times when the differences of longitude, together with the parallax, 
ae will equal those distances in longitude. j 
~ 1 . Tn the process, as thus conducted, there is an evident Inaccuraey: It 
qu t eno the whole correction for parallax in latitude, and 
i ct. longitude, since, by reason of the change effected 
a of contact and separation, à new caleulation of 
1 | caleulation of the 
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MES; This was doubtless known to the 
JA but passed over by them, on account of the excessive- 
Pa : of the complete calculation, and because the accuracy 
| obtain was not sensibly affected by its neglect. 

why the specifications of verse 15 are 
x tical instead of positive, and why, in the latter half of verse 
supposed which never arises. The commentator anticipates 


‘takes much pains to remove it: it is not worth while to 
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follow his different pleas, whieh amount to mno real explanation, saving 


to notice his last suggestion, that, in case an eclipse begins before sunrise, 
the parallax for its earlier phase or phases, as calculated according to the 


distance in time from the lower meridian, may be less than for its later 


phases—and the contrary, when the eclipse ends after sunset. This may 
possibly be the true explanation, although we are justly surprised at finding 
a case of so little practical consequence, and to which no allusion has been 
made in the previous processes, here taken into account. 

The text, it may be remarked, by its use of the terms '' eastern and 
western hemispheres '' (kapála, literally ** cup, vessel ''), repeats once more 
its substitution of the meridian ecliptic-point (madhyalagna) for the central 
ecliptic-point (tribhonalagna), as that of no parallax in longitude; the 
meridian forming the only proper and recognized division of the heavens 
into an eastern and a western hemisphere. 

We are now prepared to see the reason of the special directions given 
in verses 19 and 23 of the last chapter, respecting the reduction, in a solar 
eclipse, of distance in time from the middle of the eclipse to distance in 
longitude of the two centres. The " mean half-duration '' (madhyasthi- 
tyardha) of the eclipse is the time during which the true distance of the 
centres at the moments of contact or separation, as found by the process 
prescribed in verses 12 and 13 of this chapter, would be gained by the moon 
with her actual excess of motion, leaving out of account the variation of 
parallax in longitude: the " true half-duration '' (sphutasthityardha) is the 
inereased time in which, owing to that variation, the same distance in 
longitude is actually gained by the moon; the effect of the parallax being 
equivalent either to a diminution of the moon's excess of motion, or to & 
protraction of the distance of the two centers—both of them in the ratio 
of the true to the mean half-duration. If then, for instance, it be required 
to know what will be the amount of obscuration of the sun half an hour 
after the first contact, we shall first eubtract this interval from the true 
half-duration before conjunction; the remainder will be the actual interval 
to the middle of the eclipse: this interval, then, we shall reduce to its 
value as distance in longitude by diminishing it, either before or after its 


.. $ 


reduction to minutes of arc, in the ratio of the true to the mean half- 
duration. The rest of the process will be performed precisely as in the 


£ the moon’s distance—the estimation of its value in time made always 
qosording to mean motions, whatever be the true motions of the planets 
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the moment—the neglect, in calculating the amount of parallax, of the 
= u= 
Icul which have been pointed out in the notes, render it impossible 
t the results obtained should ever be more than a rude approximation 


| | ar illustration of the subject of solar eclipses, as exposed in 

E | the preceding chapters, we present, in the Appendix, a full calcula- 

Ë: ion of tho eine of May, 20h, 1054 mainly as made for the translator, 
F ng h s residence in India, by a native astronomer. 
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CHAPTER VI. 


OF THE PROJECTION OF ECLIPSES. 


CowrEwTS :—1, value of a projection; 2-4, general directions; 5-6, how to lay off the 
deflection and latitude for the beginning and end of the eclipse; 7, to exhibit the 
points of contact and separation; 8-10, how to lay off the deflection and latitude 
for the middle of the eclipse ; 11, to show the amount of greatest obscuration; 12, 
reversal of directions in the western hemisphere; 13, least amount of obscuration 
observable: 14-16, to draw the path of the eclipsing body; 17-19, to show the 
amount of obscuration at a given time; 20-22, to exhibit the points of immersion 
and emergence in a total eclipse; 23, color of the part of the moon obscured; 24, 
caution as to communicating a knowledge of these matters. 


1. Since, without a projection (chedyaka), the precise 
(sphuta) differences of the two eclipses are not understood, I shall 
proceed to explain the exalted doctrine of the projection. 


The term chedyaka is from the root chid, '' split, divide, sunder, t" 
and indicates, as here applied, the instrumentality by which distinctive 
differences are rendered evident. The name of the chapter, parilekhádhi- 
kåra, is not taken from this word, but from  parilekha, “ delineation, 
figure," which occurs once below, in the eighth verse. 


2. Having fixed, upon a well prepared surface, a point, des- n 
cribe from it, in the first place, with a radius of forty-nine digits 
(amgula), a circle for the deflection (valana) : , Tad 





3 Then a second circle, with a radius equal to half the sum | R N 
of the eclipsed and eclipsing bodies ; this is called the aggregate- ; 
circle (samása); then a third, with a radius equal to half the eclipsed _ 


4 > 4 


4. The determination of the ——— north, south, east, 
and west, is as formerly. In a lunar eclipse, contact [eter x 
takes place on the east, and separation — on the west;ina 
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solar eclipse, the contrary. m 
EE 
The denter: circle, drawn. with A — feet, is used * 


na) of ‘ecliptic from an east and 
Tur ui à) ca ese of this def lectio Y 
l ` 18 is a x. 
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by seventy its value in minutes. The second circle is employed (see 
below, vv. 6, 7) in determining the points of contact and separation. The 
third represents the eclipsed body itself, always maintaining a fixed posi- 
tion in the centre of the figure, even though, in a lunar eclipse, it is the 
body which itself moves, relatively to the eclipsing shadow. For the scale 
by which the measures of the eclipsed and eclipsing bodies, the latitudes, 
yi" ete., are determined, see above, iv. 26. | 
i The method of laying down the cardinal directions is the same with 
that used in constructing a dial; it is described in the first passage of the 


"n third chapter (um. 1-4). 


ke z The specifications of the latter half of verse 4 apply to the eclipsed 
body, designating upon which side of it obscuration will commence and 


— terminate. 


— 5. In a lunar eclipse, the deflection (valana) for the con- 


tact is to be laid. off in its own proper direction, but that for the 
separation. in reverse; in an eclipse of the sun, the contrary is the 


` 
< | The accompanying figure (Fig. 27) will illustrate the Hindu method 
= .— pf exhibiting, by a projection, the various phases of an eclipse. Its 
N D conditions are those of the lunar eclipse of Feb. 6th, 1860, as determined 
— by the data and methods of this treatise: for the calculation see the Ap- 
— Let M be the centre of the figure and the place of the moon, and 
Es "NS and EW be the circles of direction drawn through the moon's 
centre; the former representing (see above, under iv. 24, 25) a great circle 
drawn through the | north and south points of the horizon, the latter a small 
| e parallel to the prime vertical. In explanation of the manner in 
which. these directions are presented by the figure, we would remark that 
4 we have adapted | it to n supposed position of the observer on the north 
* si le of his projection, as at N, and looking southw ard—a position which, 


| n n c our. latitude, he would naturally assume, for the purpose of 
oom paring: e actual phases of the eclipse, as they occurred, 
tym * 


























Si lelineation of them. The heavier circle, W, is that 
wn with h the sum of the semi-diameters, or the ‘‘ aggregate-circle;"' 
Hua e outer one, NESW, is that for the deflection. This, in order to 
e size of the whole figure, we have drawn upon a scale very much 
à that prescribed ; its relative dimensions being a matter of no 
1atever, provided the sine of the deflection be made com- 
vit its radius. In our own, or the Greek, method of laying off 
8 em ular value, the radius of the circle of deflection would also 
tter of indiffer ence: the Hindus, ignoring angular measurements, 
vlward and bungling method of laying off the arc by 
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means of its s sine. - Let vw equal the deflection, calculated for the moment 


- ef contact, expressed as a cine, and i in terms of n circle in which EM is 


w 


radius. Now, as the moon's contact with the shadow takes place upon 
— her eastern limb, the deflection. for the contact must be laid off from the 
east point of the circle; and, as the calculated direction of the deflection in- 
dientes in what way the ecliptic. is pointing eastwardly, it must be laid 
off from E in its own proper direction. In the case illustrated, the deflec- 
tion for the contact is north: hence we lay it off northward from E, and 
then the line drawn from M to v, its extremity—which line represents the 
direction of the ecliptic at the orani ponta northward. Again, upon 
the side of separation—which, for the moon, is the western side—we lay 
off the deflection for the moment of separation : but we lay it off from W in 
the reverse of its true direction, in order that the line from its extremity 


Fig. 27. 


' 
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d < ^ 
to the centre may truly represent t the — of the enliptio: Thus, ind 
eclipse figured, the deflection for se aration is ‘south ; we lay it off h- 
ward from W, and shes! the lin line ne M pointe, | — M, southward, Ing 
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golar eclipse, in which, since the sun’s western limb is the first eclipsed 
the deflection for contact must be laid off from W, and that for simata tima 
from E, the direction of the former requires to be reversed, and that of 
the latter to be maintained as calculated. 


6. From the extremity of either deflection draw a line to the 
centre : from the point where that cuts the aggregate-circle 
(samása) are to be laid off the latitudes of contact and of separa- 
tion. 


| 7. From the extremity of the latitude, again, draw a line to 
— the central point : where that, in either case, touches the eclipsed 
body, there point out the contact and separation. 


f 8. Always, in a solar eclipse, the latitudes are to be drawn 
in the ñgure (parilekha) in their proper direction; in a lunar ec- 
lipse, in the opposite direction.... 


The lines vM and v'M, drawn from v and v’, the extremities of the 
rines or ares which measure the deflection, to the centre of the figure, re- 
present, as already noticed, the direction of the ecliptic with reference to 
an east and west line at the moments of contact and separation. From 
"Ae them, accordingly, and at right angles to them, are to be laid off the values 
p of the moon’s latitude at those moments. Owing, however, to the principle 
adopted in the projection, of regarding the eclipsed body as fixed in the 
centre of the figure, and the eclipsing body as passing over it, the lines 
— . vM and v'M do not, in the case of a lunar eclipse, represent the ecliptic it- 
self, in which is the centre of the shadow, but the small circle of latitude, 
in which is the moon's centre: hence, in laying off the moon s latitude to 
— determine the centre of the shadow, we reverse its direction. Thus, in 
the case illustrated, the moon's latitude is always south: we lay off, then, 
the lines kl and i'l’, representing its value at the moments of contact and 
aration, northward: they are, like the deflection, drawn as sines, and in 
- M such manner that their extremities, L and W, are in the aggregate-circle : 

eg Zs then since IM and UM are each equal to the sum of the two semi-diameters, 
Ee and Ik and Uk’ to the latitudes, KM and k’/M will represent the distances of 
Ee. "the centres in longitude, and l and U the places of the centre of the shadow, 

b and upon describing circles from l and VW, with 

‘ad | equal to the semi-diameter of the shadow, the points c and s, where 
he uc h the disk of the moon, will be the points of first and last contact: 
is being i the points where IM and VM meet 


ng í 









' 

























T * d + ' [< - é T I 
S Sürya-Siddhánta | ) 





— | | = — | d " 
© 8.......In accordance with this, then, for the middle of the 
| edipse, 
por 9: The deflection is to be laid off—eastward, when it and the 
| latitude are of the same direction; when they are of different direc- 
tions, it is to be laid ofl westward : this is for a lunar eclipse; in a 
solar, the contrary is the case. ' 
10. From the end of the deflection, again, draw a line to the 
central point, and upon this line of the middle lay ofl the latitude, 
in the direction of the deflection. 


11. From the extremity of the latitude describe a circle with 
a radius equal to half the measure of the eclipsing body: what- 
ever of the disk of the eclipsed body is enclosed within that circle, 
so much is swallowed up by the darkness (famas). 


4 


The phraseology of the text in this passage is somewhat intricate and 
obscure; it is fully explained by the commentary, as, indeed, its meaning 
ie also deducible with sufficient clearness from the conditions of the prob- 
lem sought to be solved. It is required to represent the deflection of the 
ecliptic from an east and west line at the moment of greatest obscuration, 
and to fix the position of the centre of the eclipsing body at that moment. 
The deflection is this time to be determined by a secondary to the ecliptic, 
drawn from near the north or south point of the figure. The first question 
is, from which of these two points shall the deflection be laid off, and the 
line to the centre drawn. Now since, necording to verse 10, the latitude 
itself ig to be measured upon the line of deflection, the latter must be 
drawn southward or northward according to the direction in which the 
latitude is to be laid off. And this is the meaning of the last part of verse 
8; '' in accordance, namely, with the direction in which, according to the 
previous part of the verse, the latitude is to be drawn. But again, in 
which direction from the north or south point, as thus determined, shall 
the deflection be measured? This must, of course, be determined by the 
direction of the deflection itself: if south, it must obviously be measured - 
cast from the north point and west from the south point; if north, the 
contrary. The rules of the text are in accordance with this, although the 

J determining circumstance is made to be the agreement or non-agreement, 
- in respect to direction, of the deflection with the moon's latitude—the | ^ 
latter being this time reckoned im its own proper direction, and not, in à — 
| juna eclipse, reversed. Thus, in the case for which the fi ure is drawn, I N 
Taano Iande cde 
the deflection, vw", is ured L rin point; as dGeneonon ana 2 
imitado are both south, it ie measured east from N. In wm eclipse of the 
" b š ' kt — vi te = “ e alb ur U 
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* > 
e. sun, on the other hand, the moon's latitude would, if north, be laid off 
— northward, as in the figure, and hence also, the deflection would be 
measured from the north point: but it would be measured eastward, if its 
7 own direction were south, or disagreed with that of the latitude. 
B The line of deflection, which is Mv" in the figure, being drawn, and 
having the direction of n perpendicular to the ecliptic at the moment of 
—* opposition, the moon's latitude for that moment, MI”, is laid off directly 


š "y. upon it. The point I” is, accordingly, the position of the centre of the 
^ Lo shadow at the middle of the eclipse, and if from that centre, with a radius 
. equal to the semi-diameter of the eclipsing body, a circle be drawn, it will 

include so much of the disk of the eclipsed body as is covered when the 
obscuration is greatest. In the figure the eclipse is shown as total, the 
Hindu calculations making it so, although, in fact, it is only a partial 


= 12. By the wise man who draws the projection (chedyaka), 
. upon the ground or upon a board, a reversal of directions is to 
be made in the eastern and western hemispheres. 





- 


* This verse is inserted here in order to remove the objection that, in the 
Kuyi. eastern hemisphere, indeed, all takes place as stated, but, if the eclipse oc- 
| . ours west of the meridian, the stated directions require to be all of them 
= reversed. In order to understand this objection, we must take notice of 
in and literal meaning of the Sanskrit words which designate the 

i a ‘directions. The face of the observer is supposed always to be east- 
then “' east " is práñc, '' forward, toward the front oe. ** west " ts 
backward, toward the rear ''; ‘‘ south" is dakshina, “on the 
‘north "' is uttara, '' upward "' (i.e., probably, toward the moun- 
p the course of the rivers in north-western India) These words 
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It is. ces to point out that this objection is one of the most 
olous ‘and hair-splitting character, and its removal by the text a waste 
trouble err s in question have fully acquired in the language an 
g. as indicating directions in space, without regard to the 
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13. Owing to her clearness, even the twelfth part of the moon: 


— when eclipsed (grasta), is observable; but, owing to his piercing 
brilliancy, even three minutes of the sun, when eclipsed, are not 


observable. ° 


The commentator regards the negative which is expressed in the 
latter half of this verse as nlso implied in the former, the meaning being 
that an obscuration of the moon's disk extending over only the twelfth 
part of it does not make itself apparent. We have preferred the interpre- 


tation given above, as being better accordant both with the plain and simple 
construction of the text and with fact. 


14. At the extremities of the latitudes make three points of 
corresponding names; then, between that of the contact and 


that of the middle, and likewise between that of the separation and 
that of the middle, 


15. Describe two fish-figures (matsya): from the middle of 
these having drawn out two lines projecting through the mouth 
and tail, wherever their intersection takes place, 

16. There, with a line touching the three points, describe an 
arc: that is called the path of the eclipsing body, upon which 


the latter will move forward. pat 


The deflection and the latitude of | three points in the continuance of os 
the eclipse heaving been determined and laid down upon the projection, it = 
if deemed unnecessary to take the same trouble with regard to any other E 
points, these three being sufficient to determine the path of the eclipsing - "CN 
body: accordingly, an are of s circle is drawn through them, and is regard- - i 
ed ng representing that path. The method of describing the are is the ` IX 
same with that which has already been more than once employed (see Ht 
nbove, iii. 1-4, 41-42): it is explained here with somewhat more fullness 1- 
than before. Thus, in the figure, I, l”, and U are the three extremities of © r 
the moon’s latitude, at the moments of ! contact, opposition, and | separation, - x* 
respectively : we join IH”, vl, and upon these linea. describe fish-figures: (see | 
note to iii, 1-5); their two extremities (‘‘ mou and “' tail ’’) are indi- — . , 
cated by the intersecting dotted lines in the TI then, at the point, not. IX 
included in the figure, where the lines drawn through. them meet one à another, Es 
is the centre of a circle passing through Ba and V. e * A — d 


17. From half the sum of the clipeed and e ui Bas 
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= I6. Lay it off toward the path upon either side—when the 

time is before that of greatest obscuration, toward the side of 
contact; when the obscuration is decreasing, in the direction of 
- separation—and where the stick and the path of the eclipsing 


-= body 


D- 
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lus E 19. Meet one another, from that point describe a circle with a 
JJ radius equal to half the eclipsing body : whatever of the eclipsed 


y = body is included within it, that points out as swallowed up by 
_ the darkness (tamas). 
— A 90. "Take a little stick equal to half the difference of the 


ww - 
= P 
d - 

E 


"T m "asures (mâna), and lay it off in the direction of contact, calling 
E 










it the stick of immersion (nimilana) : where it touches the path, 

| 21. From that point, with a radius equal to half the eclipsing 
im boc y: draw a circle, asin the former case : where this meets the 
—' circle of the eclipsed body, there immersion takes place. 

me 92. Bb also for the emergence (unmilana), lay it off in the 
= direction of separation, and describé a circle, as before: it will 











E show the point of emergence in the manner explained. 
—— The method of these processes is so clear as to call for no detailed 


P 


j 
F F exp anation. The centre of the eclipsing body being supposed to be always 
— n the are WY., drawn as directed in the last passage, we have only to fix 
a point in this arc which shall be at a distance from M corresponding to 
calcul ted distance of the centres at the given time, and from that 
describe a circle of the dimensions of the eclipsed body, and the 
vill bi | a representation of the then phase of the eclipse. If the 
nt thua à x d be distant from M by the difference of the two semi- 
meters, as Mi’, Me’, the circles described will touch the disk of the 


- 


at the points of immersion and emergence, i and e. 


m part obscured, when less than half, will be dusky 
“when. more thi f, it will be black ; wl rg 
whe | more th | half, it will be black ; when eme rg- 
Y ç copper-color (krshnatámra) ; when the obscuration 
A ee M. J 

4 JEKI en aC ds the important circumstance, omitted in the 
text, that the moon nlon » is here spoken of: no specification being added 
wit | refe ence > the = n, because, in a solar eclipse, the part obscured is 
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able place might have been found for this verse in the 
it hi a nothing to do with the projection of an eclipse. 
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* p "The commentary urls tusds by this mystery, which is to ve kept 


= with so jealous care, the knowledge of the subject of this chapter, the deli- 


- . neation of an eclipse, and not the general subject of eclipses, as treated in 
- . the past three chapters. It seems a little curious to find a matter of so 
— wubordinate consequence heralded so pompously.in the first verse of the 
chapter, and guarded so cautiously at its close. — ' 






















CHAPTER VII. 


Or PLANETARY CONJUNCTIONS. 


ers —. general classification of planetary conjunctions; 2-6, method of determining 
E x. at what point on the ecliptic, and at what time, two planets will come to have 
the same longitude; 7-10, how to find the point on the ecliptic to which a planet, 
having latitude, will be referred by a circle passing through the north and south 
pointe of the horizon; 11, when a planet must be so referred; 12, how to ascertain 
the — between two planets when in conjunction upon such s north and south 
Š line; 13-14, dimensions of the lesser planets; 15-18, modes of exhibiting the 
coincidence | between the calculated and actual places of the planets; — 18-20, 
— definition of. different kinds of conjunction; 20-21, when a planet, in con ;unction, 
— anquished | or victor; 22, farther definition of different kinds of conjunction; 
Pv. 93. sess] prevalence of Venus in a conjunction; 23, planetary conjunctions with 
m e the moon; 24, conjunctions apparent only; why calculated. 
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| Of the star-planets there take place, with one another, 
fater (yuddha) and conjunction (samágama) ; with the moon, 
nction (samágama); with the sun, heliacal setting 





gn š 

^ TT — CEaragraha) are, of course, the five lesser planets, 
exc xelt a si ive of the am and moon, Their conjunctions with one another and 
vit d with the asterisms (nakshatra), and with the sun, are the 


acid 
















| and the ¢ two following chapters. 
l idea. of ‘* conjunction | '" various terms are indifferently 
ter, as samágama, ‘coming together," samyoya, 
ga, "t junction '" (in viii, 14, also, melaka, '' meeting `): 
E nion," which is constantly used in the same sense by 
ry, and which enters into the title of the chapter, graha- 
d occur anywhere in the text. The word w vhich we 
outer’? p yuddha, means literally '* war, conflict." Verses 
» 22, below, give distinctive definitions of some of the 
— and conjunction. 
2 r5 Pe KTE. à 
her the lon, itude of the swift-moving planet is greater 
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‘slow one, the conjunction (samyoga) is past; 





KW 3 wes m y a 
Amt «€ V à 

a * [ EN 7 t la acm ie iz 

a "2: EJ 

t 


x 
j 






"1 
E3 








e | otherwise, i6 is to come : this is the case when the two are moving 


P eastward ; if, however, they are retrograding (vakrin), the con- 
E trary is true. 


3. When the longitude of the one moving eastward is 
= greater, the conjunction (samágama) is past; but when that of 
the one that is'retrograding is greater, it is to come. Multiply 
the distance in longitude of the planets, in minutes, by the 
minutes of daily motion of each, 


4. And divide the products by the difference of daily motions, 
if both are moving with direct, or both with retrograde, motion : 
if one is retrograding, divide by the sum of daily motions. 


5. The quotient, in minutes, etc., is to be subtracted when 
the conjunction is past, and added when it is to come: if the 
two are retrograding, the contrary: if one is retrograding, the 
quotients are additive and subtractive respectively. 


6. Thus the two planets, situated in the zodiac, are made 
to be of equal longitude, to minutes. Divide in like manner the 


distance in longitude, and a quotient is obtained which is the 
time, in days, etc. 


The object of this process is to determine where and when the two 
planets of which it is desired to calculate the conjunction will have the 
same longitude. The directions given in the text are in the main so clear 
as hardly to require explication. The longitude and the rate of motion a 
of the two planets in question is supposed to have been found for some - 
time not far removed from that of their conjunction. Then, in determining 
whether the conjunction is past or to come, and at what distance, ' in are 2 
and in time, three separate cases require to be taken into account—when 
both are ndvancing, when both are retrograding, and when one is advancing 
and the other retrograding. In the two former cases, the ` planets are 
approaching or receding from one another by the difference of their daily - 
motions; in the latter, by the sum of their daily motions. The point of 
conjunction will be found by the following proportion: as the daily rate | 
at which the two are approaching or receding from each other is to their 
distanee in longitude, so is the daily motion of each one to the distance 

» which it will have to move before, or which it has moved since, the con- LO P 
junction in longitude. The time, again, elapsed. or to elapse between ber 
given moment and that of the. conjunction, will be found by illia she o > 23 
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.- distance in longitude by the same divisor as was used in the other part of 
the process, namely, the daily rate of approach or separation of the two 
planets. 

The only other matter which seems to call for more special explana- 
tion than is to be found in the text is, at what moment the process of 
calculation, as thus conducted, shall commence. If a time be fixed upon 
which is too far removed—as, for instance, by an interval of several days 
—from the moment of actual conjunction, the rate of motion of the two 
planets will be liable to change in the mean time so much as altogether to 
¥itiate the correctness of the calculation. It is probable that, as in the 
calculation of an eclipse (see above, note to iv. 7-8), we are supposed, 
before entering upon the particular process which is the subject of this 
passage, to have ascertained, by previous tentative caleulations, the mid- 
night next preceding or following the conjunction, and to have determined 
for that time the longitudes and rates of motion of the two planets. If so, 
the operation will give, without farther repetition, results having the desired 
degree of accuracy. The commentary, it may be remarked, gives us no 

: light upon this point, as it gave us none in the case of the eclipse. 

We have not, however, thus ascertained the timé and place of the 
conjunction, This, to the Hindu apprehension, takes place, not when the 
two planets are upon the same secondary to the ecliptic, but when they 
are upon the same secondary to the prime vertical, or upon the same circle 
passing through the north and south points of the horizon. Upon such a 


Low circle two stars rise and set simultaneously; upon such a one they together 
É. à pass the meridian: such a line, then, determines approximately their 
br relative height above the horizon, each upon its own cirele of daily revolution. 
.— «^ -We have also seen above, when considering the deflection (valana—see 1v. 
le x 24-25), that a secondary to the prime vertical is regarded as determining 
CR the north and south directions upon the starry concave. To ascertain what 
— will be the place of each planet upon the ecliptic when referred to it by 


|  gueh a circle is the object of the following processes. 


| 7. Having calculated the measure of the day and night, and 
| likewise the latitude (vikshepa), in minutes ; having determined 
3. $ the meridian-distance (nata) and altitude (unnata), in time. 
= according to the corresponding orient ecliptic-point (lagna)— 
-  — . 8. Multiply the latitude by the equinoctial shadow, 
"^ vide by twelve ; the quotient multiply by the meridian-distance 
in T di: , and divide by the corresponding half-day : | 
UI The result, when latitude is north, is subtractive in the 
<£ n he nisphere, and additive in the western; when latitude 
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= is south, on the other hand, it is additive in the eastern hemisphere, 
|. and likewise subtractive in the western. 

- — 30. Multiply the minutes of latitude by the degrees of 
š: declination of the position of the planet increased by three signs: ` 
the result, in seconds (vikald), is additive or subtractive, according 

as declination and latitude are of unlike or like direction. 

ll. In calculating the conjunction (yoga) of a planet and 

an asterism (nakshatra), in determining the setting and rising of a 

planet, and in finding the elevation of the moon's cusps, this 
- Operation for apparent longitude (drkkarman) is first prescribed. 

12. Calculate again the longitudes of the two planets for 

the determined time, and from these their latitudes: when the 

latter are of the same direction, take their difference ; otherwise, 

their sum : the result is the interval of the planets. 
' he whole operation for determining the point on the ecliptic to 
which a planet, having a given latitude, will be referred by a secondary 

to the prime vertical, is called its drkkarman. Both parts of this com- 

pound we have had before—the latter, signifying '' operation, process of 

calculation," in ii, 87, 42, ete.—for the former, see the notes to iii. 28- 

34, and v. 5-6: here we are to understand it as signifying the '' apparent 

longitude '' of a planet, when referred to the ecliptic in the manner stated, 

as distinguished from its true or actual longitude, reckoned in the usual 

way: we accordingly translate the whole term, as in verse 11, '' operation 

for apparent longitude.’ The operation, like the somewhat analogous one 
by which the ecliptic-deflection (valana) is determined (see above, iv. 24-25), 

consists of two separate processes, which receive in the commentary distinct 

names, corresponding with those applied to the two parts of the process 

for calculating the deflection. The whole subject may be illustrated by 

reference to the next figure (Fig. 28). ‘This represents the projection of a 

part of the sphere upon a horizontal plane, N and E being the north and 

ewst pointe of the horizon, and Z the zenith. Let CL be the position 

of the ecliptic at the moment of conjunction in longitude, C being the orient 

ecliptic-point (lagna); and let M be the point at which the conjunction 

in longitude of the two planets 8 and V, each upon its parallel of celestial 

latitude, cl and c/l', and having latitude equal to SM and VM respectively, ! 

wil take place. 'lhrough V and 8 draw secondaries to the prime vertical, - 

NV and NS, meeting the ecliptic in v and 4: these latter are the points GIN A 

apparent longitude of the two planets, which are still removed from & true AC 
J Aeonjunetion by the distance va: in order to the ascertainment of the time = 

- esired to know the positions of » and #, or —— 







-— 








M: From P, the pole of the equator, draw  — 
k AR. nn dmn s — EM I 





"Ñ ~ 





Manu ` 

[Sr ER r 

y | ` | 

ie — Of Planetary Conjunctions 191 


y also circles through the two planets, meeting the ecliptic in s' and v’: then, 
in order to find Ms, we ascertain the values of ss! and Ma’; and, in like 
manner, to find Mv, we ascertain the values of vv’ and Mv’. Now at the 
Fig. 28. equator, or in a right sphere, 
the circles NS and PS would 
coincide, and the distance  ss' 
disappear: hence, the «amount 
of ss' being dependent upon the 
latitude (aksha) of the observer, 
NP, the process by which it is 
calculated is called the ** opera- 
tion for latitude ° (akshadrk- 
karman, or else áksha  drkkar- 
man). Again, if P and P' were 
the same point, or if the eclip- 
tie and equator coincided, PS 
and P'S would coincide, and 
Ms’ would disappear: hence 
the process of calculation of 
Ms’ is called the '' operation for 
ecliptic-deviation '' (ayanadrk- 
karman, or dyana drkkarman). 
The latter of the two processes, 
although stated after the other 
in the text, is the one first ex- 
plained by the commentary. 
we will also, as in the case of 
th» deflection (note to iv. 24-25), 
go give to it our first attention. 
^ |^» The point s, to which the planet is referred by a circle passing through 
the pole P, is styled by the commentary ayanagraha, ** the planet s longi- 
as corrected. for ecliptic-deviation, '' and the distance Ms’, which it 
n desired to ascertain, is called ayanakalás, '' the correction, in minutes, 
for ecliptic-deviation." Instead, however, of finding Ms’, the process 
y gh E the text finds Mt, the corresponding distance on the circle of 
daily revol | e ution EDR, of the point M—which is then assumed € to 
"ha ry ` ú | ated in verse 10, is ultimate- 
The “Aas upon tim the rule, as stat 
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| R : sin MSt :: MS: Mt 

e MS : which is always very small, being treated as if il were a 
rig at t. But now also, as the latitude MS is 
mall . the angle PSP’ may be treated as if equal to 
' n ot c r wn in the figure); and this angle is, as was shown in con- 
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(o nection with iv. 24-25, the deflection of the ecliptic from the equator 


- (dyana alana) at M, which is regarded as equal to the declination of the 
| point. 90° in advance of M: this point, for convenience's sake, we will call 
.M*. Our proportion becomes, then 
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R : sin decl. M’ :: MS: Mt 

all the quantities which it contains being in terms of minutes. To bring 
this proportion, now, to the form in which it appears in the text, it is made 
to undergo a most fantastic and unscientific series of alterations. The 
greatest declination (ii. 28) being 24°, and its sine 1397’, which is nearly 
fifty-eight times twenty-four—since 58 x 24 = 1892—it is assumed that 
fifty-eight times the number of degrees in any given are of declination 
will be equal to the number of minutes in the sine of that are. Again, the 
value of radius, 3438’, admits of being roughly divided into the two factors 
fifty-eight and sixty—since 58 x 60=8480. Substituting, then, these values 
in the proportion as stated, we have 


58x60 : 68xdecl. M' in — : latitude in min. :. Mt 


Cancelling, again, the common factor in the first two terms, and trans- 
ferring the factor 60 to the fourth term, we obtain finally 


1: decl M’ in degr.:: latitude in min.: Mt x 60 


that is to say, if the latitude of the planet, in minutes, be multiplied by 
the declination, in degrees, of a point 90° in advance of the planet, the 
result will be a quantity which, after being divided by sixty, or reduced 
from seconds to minutes, is to be accepted as the required interval on 
the ecliptic between the real place of the planet and the point to which 
it is referred by a secondary to the equator. 

This explanation of the rule is the one given by the commentator, 
nor are we able to see that it admits of any other. The reduction of the 
original proportion to its final form is a process to which we have — 
fore found no parallel, and which appears equally absurd and uncalled for. 
That Mt is taken as equivalent to Ms’ has, as will appear from a consi- 
deration of the next process, a certain propriety. ` 

The value of the are Ms! being dnos. found, She. qu 8 





-— 


position of M with — to the solstitial — | At the e — the lines 






| „it will, 
PS and P'S coincide, so that, whatever be the Jatitu i i y 
by a secondary to the equator ' be referred to the. ecliptic « at its true — of. 
longitude. From the winter solstice onward to » th 
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forward, and one having south latitude backward: this is the case illus- 
trated by the figure. ‘The statement of the text virtually agrees with this, 
it being evident that, when M is on the northward path, the declination of 
the point 90° in advance of it will be north; and the contrary. 


We come now to consider the other part of the operation, or the 
| . áksha drkkarman, which forms the subject of verses 7-9. As the first 
& step, we are directed to ascertain the day and the night respectively of 
i the point of the ecliptic at which the two planets are in conjunction in 
longitude, for the purpose of determining also its distance in time from 
— the horizon and from the meridian. This is accomplished as follows. 


LN | P 


WE s Having the longitude of the point in question (M in the last figure), we- 
or | . ealeulate (by ii. 28) its declination, which gives us (by ii. 60) the radius 
Cp of its diurnal circle, and (by ii. 61) its ascensional difference; whence, 
= again, is derived (by ii. 62-63) the length of its day and night. Again, 
h oas the time of conjunction at M, we easily calculate the sun's longitude 
at the moment, and this and the time together give us (by iii. 46-48) the 
longitude of ©, the orient ecliptie-point: then (by iii. 50) we ascertain 
directly the difference between the time when M rose and that when C 
| . rises, which is the altitude in time (unnata) of M: the difference between 
ET this and the half-day is the meridian-distance in time (nata) of the same 
, y | point. If the conjunction takes place when M is below the horizon, or 
.  — during its night, its distance from the horizon and from the inferior meridian 
« ^ is determined in like manner. 
3 —— * ‘The direct object of this part of the general process being to find the 
. value of ss’, we note first that that distance is evidently greatest at the 
ek horizon; farther, that it disappears at the meridian, where the lines PS 
e. and NS coincide. Tf, then, it is argued, its value at the horizon can be 
J ascertained, we may assume it to yary as the distance from the meridian. 
e accompanying figure (Fig. 29) will illustrate the method by which it 
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Suppose the planet 5, being 
| removed in latitude to the distance MS from 
E | M, the point of the ecliptic which determines 
its longitude, to be upon the horizon, and 
let s’, as before, be the point to which it is 
referred by a circle from the north pole: it 
— A im desired to determine the value of ss'. Let 
x * DR be the circle of diurnal revolution of the 
point M, meeting Ss' in f£, and the horizon 
in wt Stw may be regarded as s plane right- 
Np angled triangle, having its angles at Š and 
ION w respectively equal to the observer's latitude 
t. * | and co-latitude. In that triangle, to find 


e should make the proportion 
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‘sought. The proportion then becomes 
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cos tSw : sin (Sw :: tS : tw 
Now the first of these ratios, that of the cosine to the sine of latitude, is 
(see above, iii. 17) the same with that of the gnomon to the equinoctial 
shadow: again, ns the difference of Mt and Ms‘ was in the preceding process 


neglected, so here the difference of SM and St; and finally, tw, the true 


result of the process, is accepted as the equivalent of s's, the distance 


gnom.: eq. shad.:: latitude : required dist. at horizon 

The value of the required distance at the horizon having been thus nscer- 
tained, its value at any given altitude is, as pointed out above, determined 
by a proportion, as follows: as the planet's distance in time from the 
meridian when upon the horizon is to the value of this correction at the 
horizon, so is any given distance from the meridian (mata) to the value at 
that distance; or 


half-day: mer.-dist. in time: : result of last proportion: required distance 


The direction in which the distance thus found is to be reckoned, starting 
in each case from the áyana graha, or place of the planet on the ecliptic 
as determined by a secondary to the equator, whieh was ascertained by 
the preceding process, is evidently as the text states it in verse 9. In 
the eastern hemisphere, which is the case illustrated by the figure, s's is 
additive to the longitude of s', while v/v is subtractive from the longitude 
of v': in the western hemisphere, the contrary would be the case. The 
final result thus arrived at is the longitude of the two points s and v, to 
which S and V are referred by the circles NS and NV, drawn through them 
from the north and south points of the horizon. 

The many inaccuracies involved in these calculations are too palpable 
to require pointing out in detail. The whole operation is a roughly approxi- 
mative one, of which the errors are kept within limits, and the result 
rendered sufficiently correct, only by the general minuteness of the quantity 
entering into it as its main element—namely, the latitude of a planet— 
and by the absence of any severe practical test of its accuracy. It may be 
remarked that the commentary is well aware of, and points out, most of 
the errors of the processes, excusing them by its stereotyped plea of their 
insignificance, and the merciful disposition of'the divine author of the 
treatise. I 

Having thus obtained « and v, the apparent longitudes of the two 
planets at the time when their true longitude is M, the question arises, 
how we shall determine the tirne of apparent conjunction. Upon this point 
the text gives us no light at all: according to the commentary, we are to 
repeat the process prescribed in verses 2.6 above, determining, from a 
consideration of the rate and direction of motion of the planets in connection 
with their new places, whether the conjunction sought for is past or to 
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come, and then ascertaining, by dividing the distance vs by their daily 

rate of approach or recession, the time of the conjunction. It is evident, 
however, that one of the elements of the process of correction for latitude 
(akshadrkkarman), namely the meridian-distance, is changing so rapidly, 

as compared with the slow motion of the planets in their orbits, that such 

a process could not yield results at all approaching to accuracy: it also 
appears that two slow-moving planets might have more than one, and even 
several apparent conjunctions on successive days, at different times in the 

day, being found to stand together upon the same secondary to the prime 
vertical at different altitudes. We do not see how this difficulty is met 

by anything in the text or in the commentary. The text, assuming the 
moment of apparent conjunction to have been, by whatever method, already 

T determined, goes on to direct us, in verse 12, to calculate anew, for that 
moment, the latitudes of the two planets, in order to obtain their distance 
from one another. Here, again, is a slight inaccuracy : the interval between 
— — the two, measured upon a secondary to the prime vertical, is not precisely 
- equal to the sum or difference of their latitudes,- which are measured 
= upon secondaries to the ecliptic. The ascertainment of this interval is 
necessary, in order to determine the name and character of the conjunction, 

as will appear farther on (vv. 18-20, 22). 

The cases mentioned in verse 11, in which, as well as in calculating 
the conjunctions of two planets with one another, this operation for apparent 
= longitude (dgkkarman) needs to be performed, are the subjects of the three 
|»... following chapters. 


i i Auf am 
—— 13. The diameters upon the moon's orbit of Mars, Saturn, 
W OR M ^ 


AL Mercury, and Jupiter, are declared to be thirty, increased suc- 
. eessively by half the half ; that of Venus is sixty. 

P E. 14. These, divided by the sum of radius and the fourth 
iy Ae hypothenuse, multiplied by two, and again multiplied by radius, 


~~ are the respective corrected (sphuta) diameters : divided by fifteen, 











— they are the measures (mána) in minutes. 
qom EU. | | 
| : We have seen above, in connection with thé calculation of eclipses 


£ that the diameters of the sun, moon, and shadow had to be 
| | nt 






educed for measurement in minutes, to the moon's mean distance, 
ich fifteen yojanas make n minute of arc. Here we find the dimensions 
of the five lesser planets, when at their mean distances from) the earth, 
d only in the form of the portion of the moon's mean orbit covered 

iem absolute size being left undetermined. | We add them below, 
4 bular rmn both in yojanas and as reduced to minutes, appending 
the corresponding estimates of Tycho Brahe (which we take from 


— 








* Delambre), and "ihe true apparent. — of the planets, as seen from 
— the earth at their greatest. and least distances. 


N _ Apparent Diameters of the Planets, according to the Strya-Siddhdnta, 
| to Tycho Brahe, and to Modern Science. 





Sürrya-Siddbünta : Moderns : 
Planet | iJ ae 
in yojanas.| in arc. te 
e Mars, 30 2 * 40" 
Saturn, 374 a so* | 1'50" 
Mercury, 45 a 2' 10" 
Jupiter, 523 3 30" 2 45" 
Venus, | 60 4' 3° 15" 





This table shows how greatly exaggerated are wont to be any deter- 
minations of the magnitude of the planetary orbs made by the unassisted 
eye alone. This effect is due to the well-known phenomenon of the irradia- 
tion, which inereases the apparent size of a brilliant body when seen at 
some distance. It will be noticed that the Hindu estimates do not greatly 
exceed those of Tycho, the most noted and accurate of astronomical 
observers prior to the invention of the telescope. In respect to order of 
magnitude they entirely agree, and both accord with the relateve apparent 
size of the planets, except that to Mercury and Venus, whose proportional 
brilliancy, from their nearness to the sun, is greater, is assigned too high 
a rank. ‘Tycho also established a scale of apparent diameters for the fixed 
stars, varying from 2’, for the first magnitude, down to 20", for the sixth. - 


We do not find that Ptolemy made any similar estimates, eithen for planets 
or for fixed stars. 


The Hindus, however, push their empiricism one step farther, gravely 
laying down a rule by which, from these mean values, the true values of 


the apparent diameters at any given time may be found. The fundamental. 


proportion is, of course, el vs 


e t 


true dist.: mean dist. :: mean app. diam. : true op "m diam. Z E. 


a 
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The second term of this proportion is represented- y radius : : for the first 
we have, aecording to the translation given, one ha the sum of radius 
and the fourth hypothenuse, by which is meant. the '* variable hypothenuse '' 
(cala karna) found in the course of ihe fourth, or last, process for finding. : 
a the true place of the planet (see above, di. 43-45). The term, ` poene s 
(tricatubkarna), which is translated '' radius and. tho fourth hypot thenuse £ ^m. 


is much more na 1 '' third and f — ny fus E f 
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handed down by tradition (sámpradáyika) : but, he adds, owing to the 
fact that the length of the hypothenuse is not calculated in the third 
process, that for finding finally the equation of the centre (mandakarman), 
and that that hypothenuse cannot therefore be referred to here as known 
modern interpreters understand the first member of the compound (fri) as 
an abbreviation for '' radius '' (trijyd), and translate it accordingly. We 
must confess that the other interpretation seems to us to be powerfully 
supported by both the letter of the text and the reason of the matter. 
The substitution of tri for trijyá in such a connection is quite too violent 
to be borne,4nor do we see why half the sum of radius and the fourth 
hypothenuse should be taken as representing the planet's true distance, 
rather than the fourth hypothenuse alone, which was employed (see above, 
ii. 56-58) in caleulating the latitude of the planets. On the other hand, 
there is reason for adopting, as the relative value of a planet's true distanze. 
the average, or half the sum, of the third hypothenuse, or the planet's 
distance as affected by the eccentricity of its orbit, and the fourth, or its 
distance as affected by the motion of the earth in her orbit. There seems 
to us good reason, therefore, to suspect that verse 14—and with it, probably, 
also verse 13—is an intrusion into the Sürya-Siddhánta from some other 
system, which did not make the grossly erroneous assumption, pointed out 
| under ii. 39, of the equality of the sine of anomaly in the epicycle 
eti (bhujajyáphala) with the sine of the equation, but in which the hypothe- 
nuse and the sine of the equation were duly calculated in the process for 
finding the equation of the apsis (mandakarman), as well as in that for 
finding the equation of the conjunction (¢ighrakarman). 
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m 
° 


15. Exhibit, upon the shadow-ground, the planet at the 
| ery extren ity of its shadow reversed : it is viewed at the apex of the 
— gnomon in its mirror. 

fe: 















test of the accuracy of his enleulations, or as & con- 
ig proof to the pupil or other person of his knowledge and skill, the 
is here directed to set up 3 gnomon upon ground properly prepared 
for exhibiting the shadow, and to calculate and lay off from the base of 
| the gnomon, ‘but in the opposite to the true direction, the shadow which 
Ms n planet would cast at a given time; upon placing, then, 4 horizontal 
J mirror at the extremity of the shadow, the reflected image of the planet s 
a sk will be seen in it at the given time by an eye placed at the apex of the 
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iL gr mon. The principle of the experiment is clearly correct, and the rules 
mei nd processes taught in the second and third chapters afford the means 
of carryir g it out, since from them the shadow which any star would cast, 
had it light enough as readily determined as that which the sun 
of precisely this character has hitherto been 















ght en ugh, may be 
its. As no case 
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— — ‘the moment of conjunction are situated. The latter phrase, however, 






e s: We will briefly —— the ‘course of the calculation. The day 
nd nig! ht of f the planet, and its distance from the meridian, or its hour- 
angle, are found in the same manner as in the process previously explained 
At cp 192, above), excepting that here the planet's latitude, and its declination 
as affected by latitude, must be calculated, by ii. 56-58; and then the hour- 
angle and the ascensional difference, by iii, 84- 36, give the length of the 
shadow at the given time, together with that of its hypothenuse. The 
question would next be in what direetion to lay off the shadow from the 
base of the gnomon. ‘This is accomplished by means of the base (bhuja) 
of the shadow, or its value when projected on à north and south line. From 
the declination is found, by iii. 20-22, the length of the noon-shadow and 


its hypothenuse, and from the latter, with the declination, comes, by iu. 
| 22-23, the measure of amplitude (agrá) of the given shadow; 


whence, by 
iii. 29-25, is derived its base. Having thus both its length und the distance 


of its extremity from an east and west line running through the base of 
the gnomon, we lay it off without difficulty. 


16. Take two gnomons, five cubits (hasta) in height, 
stationed according to the variation of direction, separated by the 
interval of the two planets, and buried at the base one cubit. 

17. Then fix the two hypothenuses of the shadow, passing 
from the extremity of the shadow through the apex of cach 
gnomon : and, to a person situated at the point of union of the 
extremities of the shadow and hypothenuse, exhibit. . 

18. The two planets in the sky, situated at the apex each of — 
its own gnomon, and ar rived at a coincidence of observed place 
(dre). 


This is a proceeding of much the same character with that which | 

forms the subject of the preceding passage. In order to make apprehen- 
sible, by observation, the conjunction of two planets, as calculated by the " 
methods of this chapter, two gnomons, of about the height | of a man, are > s 
set up. At what distance and direction. from, one a — they are are to be | 
fixed is not clearly shown. The commentator. in ts the expression | ris 
** interval of the two planets °° (v. 16), to mean the istance in- minutes | * 

on the secondary to the prime vertical, as ascertained according to verse se 
al above, reduced to digits by the method taught in iv. 26 26 while, by —* *. 
' according to the variation of direction, gesi he would understand. martir 3 
in the direction from the observer of the “hemisphere in which. the planets 






















tterly nugatory; nor do we see A what id 3 
would be to make the north and south int rval o t the bases c of — 
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in digits, correspond with that of the planets in minutes. We do not 
think it would be difficult to understand the directions given in the text as 
meaning, in effect, that the two gnomons should be so stationed as to cast 
their shadows to the same point: it would be easy to do this, since, at 
the time in question, the extremities of two shadows cast from one gnornon 
by the two stars would be in the same north and south line, and it. would 
only be necessary to set the second gnomon as far south of the first as 
- the end of the shadow cast by the southern star was north of that cast by 
the other. Then, if a hole were sunk in the ground at the point of inter- 
section of the two shadows, and a person enabled to place his eye there, 
` he would, at the proper moment, see both the planets with the same 
pi glance, and each at the apex of its own gnomon. 
— Im the eighteenth verse niso we have ventured to disregard the 
E authority of the commentator : he translates the words drktulyatdm itds 
'" come within the sphere of sight," while we understand by  drktulyatá, 
as in other cases (ii. 14, iii, 11), the coincidence between observed and com- 
|»  puted position. š 
Foi Such passages as this and the preceding are not without interest and 
—  walue, as exhibiting the rudeness of the Hindu methods of observation, and 
“- ^ nlso as showing the unimportant ond merely illustrative part which observa- 
tion was meant to play in their developed system of astronomy. 


















| 18. . . . When there is contact of the stars, it is styled 

|. ** depiction œ (ullekha) ; when there is separation, '' division "' 

—. (bheda); 

—— — 39. An encounter (yuddha) is called ‘‘ ray-obliteration '' 

- «ancutimarda) when there is mutual mingling of rays: when the 

iterval is less than' a degree, the encounter is named '' dexter ' 

V. p savya)—if, in this case, one be faint (anu). 

— 20. Tf the interval be more than a degree, it is '' conjunc- 

* ^ tion" (samdgama), if both are endued with power (bala). One 
ds vanquished (jita) in a dexter encounter (apasav ya yuddha), 

? one that is covered, faint (anu), destitute of brilliancy, 

| x One that is rough, colorless, struck down (vidhvasta ), 

vanquished (vijita). One situated 
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ot das Sürya-Siddhánta | 
= struck down, it is ‘‘front’’ (kita) and ''conflict ' (vigraha), 


| 98. Venus is generally victor, whether situated to the north 


LENT re to the south. . . e 


In this passage, as later in a whole chapter (chap. xi), we quit the 
proper domain of astronomy, and trench upon that of astrology. How- 
ever intimately connected the two sciences may be in practice, they are, 
in general, kept distinct in treatment—the Siddhantas, or astronomical 
text-books, furnishing, as in the present instance, only the scientific basis, 
the data and methods of calculation of the positions of the heavenly bodies, 
their eclipses, conjunctions, risings and settings, and the like, while the 
Sanhitas, Játakas, Tajikas, etc., the astrological treatises, make the super- 
stitious applications of the science to the explanation of the planetary 
influences, and their determination of human fates. Thus the celebrated 
astronomer, WVarüha-mihira, besides his astronomies, composed separate 
astrological works, which are still extant, while the former have become 
lost. It is by no means impossible that these verses may be an interpola- 
tion into the original text of the Sürya-Siddbánta. They form only a dis- 
connected fragment: it is not to be supposed that they contain a complete 
statement and definition of all the different kinds *of conjunction recog- 
nized and distinguished by technical appellations; nor do they fully set 


forth the circumstances which determine the result of a hostile '' encounter'' 


between two planets: while a detailed explanation of some of the distinc- 
tions indicated—as, for instance, when a planet is “° powerful ” or the 
contrary—could not be given without entering quite deeply into the subject 
of the Hindu astrology. This we do not regard ourselves as called upon 
to do here: indeed, it would not be possible to accomplish it satisfactorily 
without aid from original sources which are not accessible to us. We shall 
content ourselves with following the example of the commentator, who 
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the latter connection 
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d Na India by his native assistant, agree with these, and both accord closely with 
| the teachings of the Tetrabiblos, the astrological work attributed to Ptolemy. 


uA 


AE n i . Perform in like manner the calculation of the. 
| conjunction (samyoga) of the planets with the moon. 


This is all that the treatise says respecting the conjunction of the 
n with the lesser planets: of the phenomenon, sometimes so striking, 
| S the occultation of the latter by the former, it takes no especial notice. 
p The commentator cites an additional half-verse as sometimes included in 
5 the chapter, to the effect that, in calculating a conjunction, the moon 'a 
latitude is to be reckoned as corrected by her parallax in latitude (avanati), 
but. rejects it, as making the chapter over-full, and as being superfluous, 
(s 3l nce the nature of the case determines the application here of the general 
rules for parallax presented in the fifth chapter. Of any parallax of the 
ata themselves nothing is said: of course, to calculate the  moon's 
a * x by the methods as already given is, in effect, to attribute to them 
la horizontal Lad of the same value with that assigned to the sun, 
E d — 4. 
—* The final verse of the chapter is a caveat against the supposition that 
ee conjunction " of two planets is spoken of, anything more is 
Hom than that they appear to approach one another; while nevertheless, 
cee apparent approach requires to be treated of, on account of its influence 


Spon human fates. x 
— Unto the good. and evil fortune of men is this system set 
for = =: the planet: 8 move on upon their own paths, approaching 
one: another at a distance. 1 
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^" CHAPTER VIII. 


OF THE ASTERISMS. 


Coxrents :—1-9, positions of the asterisms; 10-12, of certain fixed stars; 12, direction 
to test by observation the accuracy of these positions; 13, splitting of Hobipi's 
wain; 14-15, how to determine the conjunction of a planet with an asterism; 16-19, 
which is the junction-star in each asterism; 20-21, positions of other fixed stars. 


1. Now are set forth the positions of the asterisms (bha), 
in minutes. If the share of each one, then, be multiplied by 
ten, and increased by the minutes in the portions (bhoga) of the 


past asterisms (dhishnya), the result will be the polar longitudes 
(dhruva). 


The proper title of this chapter is nakshatragrahayutyadhikára, 
“ chapter of the conjunction of asterisms and planets,’’ but the subject of 
conjunction occupies but a small space in it, being limited to a direction 
(vv. 14-15) to apply, with the necessary modifications, the methods 
taught in the preceding chapter. The chapter is mainly occupied with 
such a definition of the positions of the asterisms—to which are added 
also those of a few of the more prominent among the fixed stars—as is 
necessary in order to render their conjunctions capable of being calculated, 
Before proceeding to give the passage which states the positions of 
the asterisms, we will explain the manner in which these are defined, In 
the accompanying figure (Fig. 30), let EL represent the equator, and CL 
Fig. 30, the ecliptic, P and P’ being their respective 
N poles. Let 8 be the position of any given 
| star, and through it draw the circle of declina- 
tion PSa. Then a is the point on the ecliptic 
of which the distance from the first of Aries 
and from the star respectively are here given as 
its longitude and latitude. So far as the latitude 
is concerned, this is not unaccordant with the 
usage of the treatise hitherto. Latitude 
(vikshepa, ‘‘ disjection '”) is the amount by 
which any body is removed from the declination 
which it ought to have—that is, from the point 
of the ecliptic which it ought to occupy— 
declination (kránti, apakrama) being always, 
according to the Hindu understanding of the 
term, in the ecliptic itself. In the case of a 
.planet, whose proper path is in the ecliptic, the 
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point of that circle which it ought to occupy is determined by its calculated 
longitude: in the case of a fixed star, whose only motion is about the pote 
of the heavens, its point of declination is that to which it is referred by a 
circle through that pole. Thus, in the figure, the declination (kránti) of 
S would be ca, or the distance of a from the equator at c: ite latitude 
(vikshepa) is aS, or its distance from a. We have, accordingly, the same 
term used here as before. To designate the position in longitude of a, on 
the other hand, we have a new term, dhruva, or, as below (vv. 12, 15), 
dhruvaka. 'This comes from the adjective dhruva, '' fixed, immovable, '" 
by which the poles of the heaven (see below, xii. 48) are designated; and, 
if we do not mistake its application, it indicates, as here employed, the 
longitude of a ‘star as referred to the ecliptic by a circle from the pole. 
We venture, then, to translate it by '' polar longitude," as we also render 
vikshepa, in this connection, by ` polar latitude,” it being desirable to 
have for these quantities distinctive names, akin with one another. 
Colebrooke employs '' apparent longitude and latitude," which are objec- 
tionable, as being more properly applied to the results of the process taught 
in the last chapter (vv. 7-10). 


The mode of statement of the polar longitudes is highly artificial and 
arbitrary: a number is mentioned which, when morc by ten, will give 
the position of each asterism, in minutes, in its own '' portion ' (bhoga), 
or arc of 18° 20/ in the ecliptic (see ii. 64). 


This passage presents a name for the asterisms, dhishnya, which has 
not occurred before; it is found once more below, in xi. 21. 


2. Forty-eight, forty, sixty-five, fifty-seven, fifty-eight, four, 
seventy-eight, seventy-six, fourteen, 

3. Fifty-four, sixty-four, fifty, sixty, forty, seventy-four. 
 severity-eight, sixty-four. 

2 Fourteen, six, four: Uttara-Ashádhá, (rdicgva) is at the 


x middle of the portion (bhoga) of Pürva-Ashüdhá (dpya); Abhijit. 
J likewise, is is at the end of Pürva-Ashádhá ; the position of Cravana 


is at the end of Uttara-Ashádhà ; 
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x 5. Qravishtbà, on the other hand, is at the point of connec- 
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A. RE — Q; e a y, Ed J | 
. fion of the third and fourth quarters (pada) of Çravana: then, 
4 in their own portions, eighty, thirty-six, twenty-two, 


6. Seventy-nine. Now their respective latitudes, reckoned 


from the point of declination (apakrama) of each: ten, twelve, 


five, north; south, five, ten, nine; 


7. North, six; nothing; south, seven; north, nothing, 
twelve, thirteen ; south, eleven, two; then thirty-seven, north ; 


8. South, one and a half, three, four, nine, five and a half, 
five ; north, also, sixty, thirty, and also thirty-six ; 


9. South, half a degree; twenty-four, north, twenty-six 
degrees ; nothing—for Acvini (dasra), etc., in succession. 


The text here assumes that the names of the asterisms, and the order 
of their succession, are so familiarly known as to render it unnecessary 
to rehearse them. It has been already noticed (see above, i. 48-51, L5, 
56-58, etc.) that a similar assumption was made as regards the names and 
succession of the months, signs of the zodiac, years of Jupiter's cycle, 
and the like. Many of the asterisms have more than one appellation: we 
present in the annexed table those by which they nre more generally and 
familiarly known; the others will be stated farther on. Nearly all these 
titles are to be found in our text, occurring here and there; a few of the 
asterisms, however (the 5th, 6th, 9th, and 17th), are mentioned only by 
appellations derived from the names of the deities to whom they are regarded 
as belonging, and one (the 25th) chances not to be once distinctively spoken 
of. We append to the names, in a tabular form, the data presented in this 
passage; namely, the position of each asterism (nakshatra) in the are of 
the ecliptic to which it gives name, and which is styled its ** portion '* 
(bhoga), the resulting polar longitudes, and the polar latitudes, And since 
it is probable (see note to the latter half of v. 12, below) that the latter. 
were actually derived by calculation frorn true declinations and right ascen- 
sions, ascertained by observation, we have endeavoured to restore those 


more original data by caleulating them back again, according to the data 
and methods of this Siddh&nta—the declinations by ii. 28, the right 
ascensions by iii. 44-48—and we insert our results in the table, rejecting 
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Positions of the Junction-Stara of the Asterisma. 


Interval | In 
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37 
Revati. 


26. 
U.-Bhádrap. 


25, 


P.-BhAdrap. 


24 
Catabhishaj. 


23. 
Crüvishthà. 


22. 
Cravana 


21. 
U.-Ashádbaá. 


d 


20 
P.-Asbadha 


19 
Milas. 
1 B. 


Jyeshthá. 


' 


17 
Anuradba. 
16 
Vicákha. 


15. 
Sváti. 


14. ^ 
Citra. 








j Of the Asterisms 207 

Our calculations, it should be remarked, are founded upon the assump- 
tion that, at the time when the observations were made of which our text 
records the results, the vernal equinox coincided with the initial point of 
the Hindu sidereal sphere, or with the beginning of the portion of the 
asterism Acvini a point 10' eastward on the ecliptic from the star & Piscium : 
this was actually the case (see above, under i. 27) about A.D. 5060. The 
question how far this assumption is supported by evidence contained in the 
data themselves will be considered later. To fill out the table, we have 
also added the intervals in right ascension and in polar longitude. 


The stars of which the text thus accurately defines the positions do 
not, in most cases, by themselves alone, constitute the  asterisms 
(nakshatra); they are only the principal members of the several groups of 
stars—each, in the calculation of conjunctions (yoga) between the planets 
and the asterisms (see below, vv. 14-15), representing its group, and there- 
fore called (see below, vv. 16-19) the '' junction-star '' (yogatdrd) of the 
asterism. 


It will be at once noticed that while, in a former passage (ii. 64), the 
ecliptic was divided into twenty-seven equal arcs, as portions for the 
asterisms, we have here presented to us twenty-eight asterisms, very un- 
equally distributed along the ecliptic, and at greatly varying distances from 
it. And it is a point of so much consequence, in order. to. thejrighit under 


standing of the character and history of ‘tue whole system, to apprehend ` 


clearly the relation of the groups of g cars to the ares allotted to them, 
that we have prepared the accompa ‘ying diagram (Pig. 31) in illustration 
of that relation. The figure rep Cents, in two parts, the circle of the 
ecliptic: along the central lines ` marked its division into arcs of ten and 
five degrees; upon the outside off these lines it is farther divided into equal 
twenty-sevenths, or arcs of 13° 4 and upon the inside into equal twenty- 
eighths, or arcs of 12° 519'; these being the portions (bhoga) of two 
systems of asterisms, twenty-sev and twenty-eight in number respec- 
tively. ‘The starred lines which rum across all the divisions mark the polar 
longitudes, as stated in the text, @f the junction-stars of the asterisms. 
The names of the latter are set ov@r against them, in the inner columns: 
the names of the portions in the sgstem of twenty-seven are given in full 
in the outer columns, and those fin the system of twenty-eight are also 
placed opposite the portions, up the inside, in an abbreviated form. 
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The text nowhere expressly Ætates which one of the twenty-eight 
asteriams which it recognizes is, Bin its division of the ecliptic into only 
VOID. ithogft a portion. Thot Abhijit, tho twenty- 
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i been variously misinterpreted, are made entirely clear by supplying the 

A words E asterism '' and * portion '` throughout, where they are to be under- 

p. stood, thus: ''the asterism Uttara-Ashádhà is at the middle of the portion 

| styled Pürva-Ashádhà; the asterism Abhijit, likewise, is at the end of the 
portion Pürva-Ashádhàá; the position of the asterism Cravana is at the end 
of the portion receiving its name from Uttara-Ashidha; while the asterism 
Cravishtha is between the third and fourth quarters of the portion named 
for Cravana.’’ After this interruption to the regularity of correspondence 
of the two systems—the asterism Abhijit being left without a portion, and 
the portion Qravishtha containing no asterism—they go on again harmonious- 
ly together to the close. The figure illustrates clearly this condition of 
things, and shows that, if Abhijit be left out of account, the two systems 
agree so far ns this—that twenty-six asterisms fall within the limits of 
portions bearing the same name, while all the discordances are confined to 
one portion of the ecliptie, that comprising the 20th to the 23rd portions 
If, on the other hand, the ecliptic be divided into twenty-eighths, and if ` 
these be assigned as portions to the twenty-eight asterisms, it is seen from 
the figure that the discordances between the two systems will be very great; 
that only in twelve instances will a portion be occupied by the asterism 
bearing its own name, and by that alone; that in sixteen cases asterisms 
will be found to fall within the limits of portions of different name; that 

lcs “our portions witt-be-Teft^vhout any asterism at all, while four others will 
contain two each. | 








These discordances are enough of themselves to set the whole subject 
of the asterisms in a new light. Whereas it might have seemed, from what 
we have seen of it heretofore, that the s! tem was founded upon a division 
of the ecliptic into twenty-seven equal j rtions, and the selection of a 
star or a constellation to mark each porfion, and to be, as it were, its 
ruler, it now appears that the series of twenty-eight asterisms may be 
something independent of, and anterior to, any division of the ecliptic into 
equal ares, and that the one may have been only artificially brought into 
connection with the other, complete haymony between them being altogether 
impossible. And this view is fully sustained by evidence derivable from. 
outside the Hindu science of astronomy, and beyond the borders of India. . 
The Pàrsis, the Arabs, and the Chinesó, are found also to be in possession | 
of a similar system of division of the heavens into twenty-eight portions, — — 
marked or separated by as many single stars or constellations. Of the ` 


Parsi system little or nothing ia known. excepting the number and names 

of the divisions, which are given in UM second chapter of the Bundehesh. 
x | etc., ii. 849). The Arab divisions — 

sions, etations of the moon," 
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Comparison of the Hindu asterisms and the Arab mansions was made by Sir 
William Jones, in the second volume of the Asiatic Researches, for 1790: 
it was, however, only a rude and imperfect sketch, and led its author to 
no valuable or trustworthy conclusions. The same comparison was taken 
up later, with vastly more learning and acuteness, by Colebrooke, whose 
. valuable article, published also in the Asiatie Researches, for 1807 (ix. 
828, ete.; Essays ji. 821, etc.), has ever since remained the chief source 
| of knowledge respecting the Hindu asterisms and their relation to the 
e lunar mansions of the Arabs. 'To Anquetil (as above) is due the credit of 
~ the first suggestion of a coincidence between the Pårsi, Hindu, and 


PT =a 


Chinese systems: but he did nothing more than suggest it: the origin, 


> 
e 


character, and use of the Chinese divisions were first established, and their 

_ primitive identity with the Hindu asterisms demonstrated, by Biot, in a 

g — of articles published in the J ournal des Savants for 1840: and he 

has more recently, in the volume of the same Journal for 1859, reviewed 

Hh .. and restated his former exposition and conclusions. These we shall present 

—— more fully hereafter: at present it will be enough to say that the Chinese 
| divisions are equatorial, not zodiacal; that they are named sieu 
? 


I 


E “ mansions”; and that they are the intervals in right ascension between 
| certain single stars, which are also called sieu, and have the same title 
— with the divisions which they introduce. We propose to present here & 
summary comparison of the Hindu, Arab, and Chinese systems, in 
| connection with an identification of the stars and groups of stars forming 
utu the Hindu asterisms, and with the statement of such information respecting 
Na he latter, beyond that given in our text, as will best contribute to a full 
erstanding of their character. 

‘The identification of tho asterisms is founded upon the positions of 

ATIS hei | : unction-stars, AS stated in the astronomical text-books, 

= cup on the relative places of these stars in the groups of which they form 

| +, and upon the number of stars composing each group, and the 
figure by which their arrangement is represented: in a few cases, too, the 
names themselves of the asterisms are distinctive, and assist the identi- 
fication. The number and ‘configuration of the stars forming the groups 
re not stated in our text; we derive them mainly from Colebrooke, although 
 ourse ves also having had access to, and compared, most of his authorities, 
Eo. name aes li Cakalya- Sanhitá, the Muhirta- Cintamani, and the Ratnamálà 
(as ones, As. Res., ii 294). Sir William Jones, it may be 




















Gm As. Res., ii. 293, plate) an engraved copy of drawings 
artist of the figures assigned to the asterisms. For the 
in each group we have an additional authority in al- 
savant of the eleventh century, who travelled in India, 
: al care the Hindu astronomy. The information 
sgard to the asterisms we derive from Biot, in the 
"1845 (pp. 89-54); it professes to be founded upon 
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* the Khanda-Kataka* of Brahmagupta, Al-Birüni also gives an identifi- 
6 cation of the asterisms, so far as the Hindu astronomers of his day were 


able to furnish it to him, which was only in part: he is obliged to mark 
. Seyen or eignt of the series as unknown or doubtful. He speaks very 
' slightingly of the practical acquaintance with the heavens possessed by the 
Hindus of his time, and they certainly have not since improved in this 
respect; the modern investigators of the same subject, as Jones and 
Colebrooke, also complain of the impossibility of obtaining from the native 
astronomers of India satisfactory identifications of the asterisms and their 
junction-stars. ‘The translator, in like manner, spent much time and effort 
in the attempt to derive such information from his native assistant, but 
was able to arrive at no results which could constitute any valuable addition 
to those of Colebrooke. It is evident that for centuries past, as at present, 
the native tradition has been of no decisive authority as regards the position 
and composition of the groups of stars constituting the asterisms: these 
must be determined upon the evidence of the more ancient data handed 
down in the astronomical treatises. 

In order to an exact comparison of the positions of the junction-stars 
as defined by the Hindus with those of stars contained in our catalogues, 
we have reduced the polar longitudes and latitudes to true longitudes and 
latitudes, by the following formulas (see Fig. 30): 


(1+ cos Aa) cot ELC=tan Sab 
sin Sab sin Sa=sin Sb 
tan Bb cot Sab=sin ab 


Aa being the polar longitude as stated in the text (=La+180°), Sa 
the polar latitude, ELC the inclination of the ecliptic, Sb the true latitude, 
and ab a quantity to be added to or subtracted from the polar longitude 
to give the true longitude. The true positions of the stars compared we 
take from Flamsteed’s Catalogus Brittanicus, subtracting in each case 
15° 42! from the longitudes there given, in order to reduce them to distances 
from the vernal equinox of A.D. 560, assumed to coincide with the initial 
point of the Hindu sphere. There is some discordance among the different 
Hindu authorities, as regards the stated positions of the junction-stars of 
the asterisms. The Cikalya-Sanhiti, indeed, agrees in every point precisely 
with the Sürya-Biddhánta. But the Siddhinta-Ciromani often gives a 
somewhat different value to the polar longitude or latitude, or both. 
With it, so far as the longitude is concerned, exactly accord the Brahma- 
Siddhánta, as reported by Colebrooke, and the Khanda-Kataka, as reported 
by al-Birüni. The latitudes of the Brahma-Siddbánta also are virtually the 


* The true form of the name is not altogether certain, it being known only through 
ita Arabic tranacription : it seems to designate rather & chapter in a treatise than a 


complete work of ita author. 
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same with those of the Biddhüánta- Ciromani, their differences never amount- 
ing, save in a single instance, to more than 8': but the latitudes of the 
Khanda-Kataka often vary considerably from both. The Graha-Lághava, 
the only other authority accessible to us, presents a series of variations of 
its own, independent of those of either of the other treatises. All these 
differences are reported by us below, in treating of each separate asterism. 
The presiding divinities of the asterisms we give upon the authority of the 
Taittiriya-Sanhita (iv. 4, 10, 1-3), the Táittiriya-Bráhmana (iii. 1. 1, 2, as 
cited by Weber, Zeitsch. f. d. K. d. Morg., vii. 266 etc., and Ind. Stud., 
i. 90 etc.), the Muhürta- Cintámani, and Colebrooke: those of about half the 
asterisms are also indirectly given in our text, in the form of appellations 
for the asterisme derived from them. 

The names and situations of the Arab lunar stations are taken from 
Ideler's Untersuchungen über die Sternnamen: for the Chinese mansions 
and their determining stars we rely solely upon the articles of Biot, to which 
we have already referred. 

It has seemed to us advisable, notwithstanding the prior treatment by 
Colebrooke of the same subject, to enter into a careful re-examination and 
identification of the Hindu asterisms, because we could not accept in the 
bulk, and without modifieation, the conclusions at which he arrived. The 
identifications by Ideler of the Arab mansions, more thorough and correct 
than any which had been previously made, and Biot's comparison of the 
Chinese sieu, have placed new and valuable materials in our hands: and 
these—together with a more exact comparison than was attempted by 
Colebrooke of the positions given by the Hindus to their junction-stars 
with the data of the modern catalogues, and a new and independent com- 
bination of tha various materials which he himself furnishes—while they 
have led us to accept the greater number of his identifications, often 


establishing them more confidently than he was able to do, have also 


enabled us in many cases to alter and amend his results. Such a re 
examination was necessary, in order to furnish safe ground for a more 
detailed comparison of the three systems, which, as will be seen hereafter, 
leads to important conclusions respecting their historical relations to one 


1. Agvini; this treatise exhibits the form agvini; in the older lists, 
as also often elsewhere, we have the dual agvindu, acvayujáu, '' the two 


, - " 


horsemen, or Aqcvins." The Acvins are personages in the ancient Hindu 
wythology somewhat nearly corresponding to the Castor and Pollux of 
the Greeks. ‘They are the divinities of the asterism, which is named from 
them. "The group is figured as a horse's head, doubtless in allusion to ita 
presiding deities, and not from any imagined resemblance. The dual name 
leads us to expect to find it composed of two stars, and that is the number 
allotted to the asterism by the QÇàkalya and Khanda-Kataka. The Surys- 
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= Biddhànta (below, v. 16) designates the northern member of the group as 
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E-- its junction-star : that this is the star 8 Arietis (magn. 3.2), and not a 
ha. . Arietis (magn. 2), as assumed by Colebrooke, is shown by the following 
| comparison of positions: 


a 


Agvini oes .. long., A.D. 560, 11°69’ ... lat. 9*11' N. 
B Arietis ... ... do. 13°56" ae do. ! S28" N. 
— a Arietis d ~ do. 17°37" do. 9°57" N. 


Colebrooke was misled in this instance by adopting, for the number 
of stars in the asterism, three, as stated by the later authorities, and then . 
applying to the group as thus composed the designation given by our text 
of the relative position of the junction-star as the northern, and he accord- 
ingly overlooked the very serious error in the determination of the longitude 
thence resulting. Indeed, throughout his comparison, he gives too great 
weight to the determination of latitude, and too little to that of longitude: 
we shall see farther on that the accuracy of the latter is, upon the whole, 
much more to be depended upon than that of the former. 


Considered as a group of two stars, Acvini is composed of # and y 
Arietis (magn. 4.3); as a group of three, it comprises also a in the same 
constellation. 

There is no discordance among the different authorities examined by 
us as regards the position of the junction-star of Agvini, either in latitude 
or in longitude. The case is the same with the 8th, 10th, 12th, and 13th 
asterisms, and with them alone. 

The first Arab manzil is likewise composed of 8 and y Arietis, to 
which some add a: it is called ash-Sharatán, '' the two tokens ''—that is 
to say, of the opening year. wt 

The Chinese series of sieu commences, as did anciently the Hindu  — 


authorities agree in assigning it three stars, and the southernmost is pointed - 
out below (v. 18) as its junction-star. The group is unquestionably to be 
identified with the triangle of faint stars lying north of the back of the Ram, ah 
or 35, 39, and 41 Arietis: they are figured by some as a distinct eonstella- — 


J 


tion, under the name of Musea Borealis. T 


4^ as the junetion-star is not altogether unn bi 
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A.D. 560, very nearly equidistant from the equ tor; the latter would seem — | 
more likely to be the one intended, since it is the 
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the error in longitude, as compared with 41, is greater than that of any 
= other star in the series: 
















T | Bharapi RS .. 24° 35" S wu PE 8c 382 
p 35 Arietis (a Musem) — .. 92654 — m 11°17 N. 
ts 41 Arietis (c Musca) eee 25° 10’ oan ^ 1029 ' N. 
+ ty The Graha-Lüghava gives Bharani 1° more of polar longitude: this 


` UN. ould reduce by the same amount the error in the determination of its 
.  . longitude by the other authorities. | 
€  .;,-h6 second Arab manzil, al-Butain, '' the little belly ""—i.c., of the 
|  Ram—is by most authorities defined as comprising the three stars in the 
< haunch of the Ram, or e, 8, and e? (or else {) Arietis. Some, however, have 
> regarded it as the same with Musca; and we cannot but think that al-Birüni, 
J in identifying, as he does, Bharani with al-Butain, meant to indicate by 
` the latter name the group of which the Hindu asterism is actually composed. 


( 


- n * x ] TU : | 2 
re «|The last Chinese sieu, Oci, is the star 35 Arietis, or a Muscæ. 
e o: uv: Krttikd; or, as plural, krttikás: the appellative meaning of the word 
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|. ig doubtful. "The regent of the asterism is Agni, the god of fire. The 
| E group, composed of six stars, is that known to us as the Pleiades. It is 
m. figured by some as a flame, doubtless in allusion to its presiding divinity: 


—— the more usual representation of it is a razor, and in the choice of this 
I | symbol is to be recognized the influence of the etymology of the name, 
| |». which may be derived from the root kart, '' cut; ” in the configuration of 
K. the group, too, may be seen, by a sufficiently prosaic eye, 4 broad-bladed 

" — knife, with a short handle. If the designation given below (v. 18) of the 
| southern member of the group as its junction-star, be strietly true, this 
— jg not Aleyone, or n Tauri (magn. 3), the brightest of the six, but either 
— Atlas (27 "Tauri : magn. 4) or Merope (23 Tauri: magn. 5): the two latter 
x were very 


W = = - 


w nearly equally distant from the equator of A.D. 560, but Atlas is 
hi TE SO A egy emery ipti | fined ition agrees best with 
a little nearer to the ecliptic. The defined positic g 

ET ae A yone, nor can \ e hesitate to regard this as actually the junction-star of 
| | the asterism. — We compare the positions below : 


w wes 


| n ttik f " s.a 4 | | -*- 39° 8' 75+ 22> 4" 44" N. 
x eyo ç | a .. 30° 68’ ase — 4" 1 DN, 

— Tem — 2. 40*90  ... =  9*59' N. 

the 23 Tauri ... <. 39* 41” *... ... S 55 N. 











| The Siddhánta-Ciromani ete. give Krttika 2/ less of polar longitude 

he Sürya-Siddhánta, and the Graha-Lághava, on tho other hand, 

more: thi latter, with the Khanda-Kataka, agree with our text as regards 

polar latitude, which the others reckon at 4° 30’, instead of 5°. 

‘Whe Pleiades constitute the third manzil of the Arabs, which is 

ted ath-Thuraiya, ** the little thick-set group,'' or an-Najm, `° the 
'" Aleyone is likewise the first Chinese siou, which is styled 
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— 4. Rohini, “ ruddy ''; so named from the hue of its principal star. 
— Prajápati, '' the lord of created beings,'' is the divinity of the asterism. 


_ It contains five stars, in the grouping of which Hindu fancy has seen the 


figure of & wain (compare v. 18, below); some, however, figure it as a 
temple. The constellation is the well-known one in the face of Taurus to 
which we give the name of the Hyades, containing e, 8, y, y, a Tauri; the 
latter, the most easterly (v. 19) and the brightest of the group—being the 
brilliant star of the first magnitude known as Aldebaran—is the junction- 
star, as is shown by the annexed comparison of positions : 


Rohigi (es - 48? 9 «es vero d 4 58. 
Aldebaran * e. 40° 46 A .. 5°30 8. 

The Siddhánta-Ciromani ete. here again present the insignificant 
variation from the polar longitude of our text, of 2' less: the former also 
makes its polar latitude 4° 30’: the Graha-Lághava reads, for the polar 
longitude, 49°. All these variations add to the error of defined position. 

The fourth Arab manzil is composed of the Hyades: its name is ad- 
Dabarán, “' the follower *"—i.c., of the Pleiades. We would suggest the 
inquiry whether this name may not be taken as an indication that the Arab 
system of mansions once began, like the Chinese, and like the Hindu system 
originally, with the Pleiades. ‘There is, certainly, no very obvious propriety 
in naming any but the second of a series the “following ” (sequens or 
secundus). Modern astronomy has retained the title as that of the principal 
star in the group, to which alone it was often also applied by the Arabs. 

The second Chinese sieu, Pi, is the northernmost member of the same 
group, or e Tauri, a star of the third to fourth magnitude. A 


5. Mrgaçirsha, or mrgagiras, '' antelope's head '': with this name the 
figure assigned to the asterism corresponds: the reason for the designation 
we have not been able to discover. Its divinity is Soma, or the moon. 
It contains three stars, of which the northern (v. 16) is the determinative. 
These three can be no other than the faint cluster in the head of Orion, or 
A, $1, ç% Orionis, although the Hindu measurement of the position of 
the junction-star, A (magn. 4), is far from accurate, especially as regards 
its latitude: 


A tenia U. E — —— 

In this erroneous determination of the latitude all authorities agree: 
the Graha-Lüghava adds 1° to the error in polar longitude, reading 62° 
instead of 68°. 

Here again there is an entire harmony among the three systems com- 
pared. The Arab manzil, al-Hak'ah, is composed of the same stars which 


make up the Hindu asterism : the third sieu, named Tse, is the Hindu 
junction-star, A Orionis. 
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6. Ardrá, '' moist: ' the appellation very probably has some meteoro- 
logical ground, which we have not traced out: this is indicated also by 
the choice of Rudra, the storm-god, ns regent of the asterism. It com- 
prises a single star only, and is figured as a gem. It is impossible not to 
regard the bright star of the first magnitude in Orion's right shoulder, 
or a Orionis, as the one here meant to be designated, notwithstanding the 
very grave errors in the definition of its position givem by our text: the only 
visible star of which the situation at all nearly answers to that definition 
is 135 Tauri, of the sixth magnitude; we add its position below, with that 
of a Orionis: 


Ardr& E .. 65° 50' des &8* 53' 8. 
a Orionis — .. 48" 43° bo inc 89-428; 
135 Tauri ess sae 61* 395 s>. "*"9 g 10" 8. 


The distance from the sun at which the heliacal rising and setting of 
Ardra is stated below (ix. 14) to take place would indicate a star of about 
the third magnitude; this adds to the difficulty of its identification with 
either of the two stars compared. We confess ourselves unable to account 
for the confusion existing with regard to this asterism, of which al-Birüni 
also could obtain no intelligible account from his Indian teachers. But 
it is to be observed that all the authorities, excepting our text and the 
Cakalya-Sanhité, give Ardra 11° of polar latitude instead of 9°, which 
‘would reduce the error of latitude, as compared with a Orionis, to an 
‘amount very little greater than will be met with in one or two other cases 
below, where the star is situated south of the ecliptic; and it is contrary 
to all the analogies of the system that a faint star should, have been selected 
to form by itself an asterism. The Siddhánta-Ciromani ete. make the polar 
longitude of the asterism 20' less than that given by the Sirya-Siddhanta, 
and the Graha-Laighava 1° 90 less: these would add so much to the error 
of longitude. | 

| Here, for the first time, the three systems which we are comparing 
disagree with one another entirely. 'The Chinese have adopted for the 
determinative of their fourth sieu, which is styled Tsan, the upper star 
in Orion's belt, or ë Orionis (2)—a strange and arbitrary selection, for 
which M. Biot is unable to find any explanation. The Arabs have estab- 
lished their sixth station close to the ecliptic, in the feet of Pollux, naming 
: —* dt al-Han'ah, ' the pile '': it comprises the two stars y (3.8) and 4 
—— (4.3) Geminorum: some authorities, however, extend the limita of the 
sip mansion so far as to include also the stars in the foot of the other twin, 

— or q, v, a Geminorum; of which the latter is the next Chinese sieu. 
e  Punarvasu; in all the more ancient lists the name appears as a 
ual, punarvasü: it is derived from punar, '" again, and vasu, '' good, 
| LOS he reason of the designation is mot apparent. The regent 
m is Aditi, the mother of the Adityas. Its dual title indicates 
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that it is composed of two stars, of nearly equal brilliancy, and two is 
the number allotted to it by the Qükalya and Khanda-Kataka, the eastern 
being pointed out below (v. 19) as the junction-star. The pair are the 
two bright stars in the heads of the Twins, or « and 8 Geminorum, and 


the latter (1.2) is the junetion-star. The comparison of positions is as 
follows : 


Punarvasu T ^. 92. 52’ 


6° O'N. 
B Geminorum ... .. 93° 14’ 


6° 39 N. 


The Graha-Lághava adds 1° to the polar longitude of Punarvasu as 
stated by the other authorities. 

Four stars are by some assigned to this asterism, and with that 
number corresponds the representation of its arrangement by the figure of 
a house: it is quite uncertain which of the neighboring stars of the same 
constellation are to be added to those above mentioned to form the group 
of four, but we think « (magn. 4) and v (5) those most likely to have been 
chosen: Colebrooke suggests v (3.4) and + (5.4). 

The determinative of the fifth sieu Tsing, is u Geminorum (8), which, 
as we have seen. is reckoned among the stars composing the sixth manzil : 
the seventh manzil includes, like the Hindu asterism, a and 8 Geminorum : 
it is named adh-Dhiràá,' '' the paw ''—i.e., of the Lion; the figure of Leo 
(see Ideler, p. 152 ete.) being by the Arabs so stretched out as to cover 
parts of Gemini, Cancer, Canis Minor, and other neighboring constellations. 


8. Pushya; from the root push, “° nourish, thrive ''; another frequent 
name, which is the one employed by our treatise, is tishya, which is 
translated '' auspicious '"; Amara gives also sidhya, ‘* prosperous.” Its 
divinity is Brhaspati, the priest and teacher of the gods. It comprises three 
stars—the Khanda-Kataka alone seems to give it but one—of which the 
middle one is the junction-star of the asterism. This is shown by the 
position assigned to it to be 6 Cancri (4): 


Pusbya piii ES O UAR G. * sus o 0 
$ Cancti ch 4. 108° 42 * 2:0 09 G. 


The other two are doubtless y (4.5) and y (6) of the same constella- 
tion : the asterism is figured as a crescent nnd as nn arrow, and the arrange- 
ment of the group admits of being regarded as representing a crescent, or 
the barbed head of an arrow. Were the arrow the only figure given, it 
might be possible to regard the group as composed of y, © and ñ (4), the 
latter representing the head of the arrow, and the nebulous cluster, Preesepe, 
between y and y, the feathering of its shaft: p (105° 48/—0* 48/B.) would 

n be the junction-star. 
Lm The Arab manzil, an-Nathrah, '' the nose-gap "—i.c., of the Lion— 
comprises y and 8 Cancri, together with Presepe; or, according to some 
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authorities, Presepe alone. The sixth sieu, Kuei, is 6 Cancri, a star 
which is, at present, only with difficulty distinguished by the naked eye. 
Ptolemy rates it as of the fourth magnitude, like y and 8: perhaps it is 
one of the stars of which the brilliancy has sensibly diminished during 
the past two or three thousand years, or else a variable star of very long 

j period. The possibility of such changes requires to be taken into account, 
in comparing our heavens with those of so remote a past. 


9. Agleshd; or, as plural, ágleshás; the word is also written dgreshd: 
its appellative meaning is ` entwiner, embraeer.'" With the name accord 
the divinities to whom the regency of the asterism is assigned, which are 
sarpás, the serpents. The number of stars in the group is stated as five by 
all the authorities excepting the Khanda-Kataka, which reads six: their 
configuration is represented by a wheel. The star a Cancri (4) is pointed 
out by Colebrooke as the junction-star of Aclesha, apparently from the near 
correspondence of its latitude with that assigned to the latter, for he says 
nothing in connection with it of his native helpers: but a Cancri is not the 
enstern (v. 19) member of any group of five stars; nor, indeed, is it a 
member of any distinct group at all. Now the name, figure, and divinity 
of Acleshé are all distinctive, and point to a constellation of a bent or 
circular form: and if we go a little farther southward from the ecliptic, 
| we find precisely such n constellation, and cne containing, moreover, the 
+ corresponding Chinese determinative. The group is that in the head of 
| A Hydra, or n, =, Š, €, p Hydre, o and p being of the fifth magnitude, and 








—* the rest of the fourth: their arrangement is conspicuously circular. There 
; ) can be no doubt, therefore, that the situation of the asterism is in the 
9 head of Hydra, and e Hydre, its brightest star (being rated in the Greenw. 
: | Cat. as of magnitude 3.4, while 6 is 4.5), is the junction-star: 

Tu - gy > «ol fe 6* 56' 8. 

jme 33 i d Na 99. / * n-& 8. 

ms «Cancri — -- 20118455 ee s. 5'9r S. 

E Ss The èrror of the Hindu determination of the latitude is, indeed, very 
f considerable, yet not greater than we are compelled to accept in one or 
Pa) two other cases. The Khanda-Kataka increases it 1°, giving the asterism 
=? 6° instend of 7° of polar latitude. The Siddhánta-Ciromani eic. deduct 
eee 1° from the polar longitude of the Sdrya-Siddhanta, and the Graha- 
E Y chara deducts 2°: both variations would add to the error in longitude. 

' b. Arab manzil is, in this instance, far removed from the Hindu 


EL, the. 

asterism, being composed of £ Caneri (5) and A Leonis (5.4), and called 
Tarf, ** the look ''—i.e., of the Lion. The seventh Chinese siou, Lieu, 
8 alren noticed, included in the Hindu group, being ô H vdr:e. 
sha; or, us plural maghds; “mighty.” The pitaras, Fathers, 
IHA Hao ‘ted, are the regents of the asterism, which is figured 
856. — t is, according to most authorities, composed of five stars, 
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TH of which the southern (v. 18) is the jun 
the bright stars in the neck and side of the Lion, or t&, y, m, and a 
w Leonis, of magnitudes 4.5, 2, 8.4, and 1.2 respectively; but which should 
~ bethe fifth is not easy to determine, for there is no other single star which 
ir . seems to form naturally a member of the same group with these: v (5), 
= (5), or p (4) might be forced into a connection with them. ‘This 
difficulty would be removed by adopting, with the Khanda-Kataka, six as 
the number of stars included in the asterism: it would then be composed 
= of all the stars forming the conspicuous constellation familiarly known as 
“the Sickle.” The star a Leonis, or Regulus, the most brilliant of the 


group, is the junction-star, and its position is defined with unusual 
precision : 


ction-star. Four of these must be 


Maghå — es 97. O ase ve KO 0 
Regulus ee .. 120° 49 O° 97N. 


The tenth manzil, aj-Jabhah, '' the forehead ''—i.e., of the Lion—is 
also composed of t, y n, a Leonis. 

The eighth, ninth, and tenth sieu of the Chinese system altogether 
disagree in position with the groups marking the Hindu and Arab mansions, 
being situated far to the southward of the ecliptie, in proximity, according 
to Biot, to the equator of the period when they were established. "The 
eighth, Sing, is a Hydræ (2), having longitude (A.D. 560) 127° 16, 
latitude 22° 25! S. | 

11, 19. Phalgunt; or, as plural, phalgunyas; the dual, phalgunyáu, 
is also found: this treatise presents the derivative form phálguni, which 
is not infrequently employed elsewhere. The word is likewise used to 


owing, apparently, to the ignorance or carelessness of the describers, and 7 
especially to their not having clearly distinguished the characteristics of 

the combined constellation from those of its separate parts. In each case, — 
a couch or bedstead (cayyá, mafica, paryanka) is given as the figurc of one = 


| forming | r n rej oblong figure, 

of a constellation of four stars, forming together a regular oblong “gure, —— 

which admits of being represented—not unsuitably, if rather prosaically—by —— — 

a bed. ‘l'his figure, in the case of the Phalgu is composed of 8, 0, By e 
r yery | x marked constellation, containing ` 

magnitude, one, 6, of t 
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and one, 03, of the fourth. "The symbol of a bed, properly belonging to the 
whole constellation, is given by all the authorities to both the two parts 
into which it is divided. Each of these latter has two stars assigned to 
it, and the junction-stars are said (v. 18) to be the northern. The first 
group is, then, clearly identifiable as à and 6 Leonis, the former and 
brighter being the distinctive star: 


Pûrva- Phalguni .. 439" 58° sv AÀ^ 39" N. 
Leonis n MEI 18 n A44" MUN 


86 Leonis oc 148° 94 ». 99" 4 N. 

The Siddhánta-Ciromani etc., and the Graha-Laghava, give Pürva- 
Phalguni respectively 3° and 4° more of polar longitude than the Surya- 
Siddhánta. These are more notable variations than are found in any other 
—— — ense, and they appear to us to indicate that these treatises intend to designate 
—* @ the southern member of the group, as its junction-star; we have accord- 
| ingly added its position also above. 


In the latter group, the junction-star is evidently @ Leonis: 



























Uttara-Phalguni .. 166° 10° >) A4. 5 K. 
B Leonis e. 161" 97 M. KTN, 


This star, however, is not the northern, but the southern, of the two 
— composing the asterism: its description as the southern we cannot but 
— — regard as simply an error, founded on a misapprehension of the composition 
vo of the double group. To al-Birüni, 8 Leonis and another star to the 
northward, in the Arab constellation Coma Berenices, were pointed out 


— ns forming the asterism Uttara-Phalguni. The âkalya gives it five stars, 


ad probably adding to 8 Leonis tho four small stars in the head of the Virgin, 
aA E €, v, m, and o, of magnitudes four to five amd five. 
- The regents of Parva and Uttara-Phalguni are Bhaga and Aryaman, 
E or Aryaman and Bhagn, two of the Adityas. 
E Ág The two corresponding Arab mansions are called az-Zubrah, ''the 
— mane '"—i.e., of the Lion—and as-Sarfah, ''the turn "': they agree na 
nearly as possible with the Hindu asterisms, the former being composed of 
— — 8 and @ Leonis, the latter of 8 Leonis alone. The Chinese sicu, named 
T respectively Chang and Y, are vi Hydrm (5)* and a Crateris (4): 
Hasta, '' hand." Savitar, the sun, is regent of the asterism, 
accordance with its name, is figured as a hand, and contains five 
ing to the five fingers. These are the five principal stars in 
"the constellation Corvus, a well-marked group, which bears, however, no 
— PEPO REN s resemblance to a hand. The stars are named—counting 
the 1 bum around to the little finger, according to our apprehension 
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of the figure—, a, e, y, and 6 Corvi. The text gives below (v. 17) a very 
special description of the situation of the junction-star in the group, but 
one which is unfortunately quite hard to understand and apply: we regard 
it as most probable, however (see note to v. 17), that y (3) is the star 


intended: the defined position, in which all the authorities agree, would 
point rather to 8 (3): 


Hasta — .. 174° 92" 25120. 8 B. 
y Corvi IM . 170° 44° „æ. 14" 29' 8. 
5 Corvi -— m t LE rf vw 19" 30' B, 


The Hindu and Chinese systems return, in this asterism, to an accord- 
ance with one another: the eleventh sieu, Chin, is the star y Corvi. The 
Arab system holds its own independent course one point farther: its 
thirteenth mansion comprises the five bright stars 8, y, y, 5, < Virginis, 
which form two sides, measuring about 15° each, of a great triangle: the 
mansion is named al-Auwa’, ' the barking dog.” 


14. Citrá, `° brilliant." This is the beautiful star of the first magni- 
tude a Virginis, or Spica, constituting an asterism by itself, and figured as 
a pearl or as a lamp. Its divinity is Tvashtar, “the shaper, artificer.” 
Its longitude is very erroneously defined by the Sürya-Siddhànta : 


i z : * 1" 560° 8. 
— 2 U a° ys. 

All the other authorities, however, saving the Cakalya, remove this 
error, by giving Citré 183° of polar longitude, instead of 180°. The only 
variation from the definition of latitude made by our text 15 offered 
by the Siddhánta-C romani; which, varying for once from the Brahma- 
Siddhánta, reads 1? 45' instead of 2°. 

Spica is likewise the fourteenth manzil of the Arabs, styled by them 
as-Simük, and the twelfth sieu of the Chinese, who call it Kio. 


15. Sváti, or sváti; the word is said to mean "' sword.'' The Taittiriya- 
Brahmana calls the asterism nishtyd, '* outcast,” possibly from its remote 
northern situation. It is, like the last, an asterism comprising but a single 
brilliant star, which is figured as a coral bead, gem, or pearl. In the 
definition of its latitude all authorities agree; the Graha-Lüghava makes its 
polar longitude 198* only, instead of 199°. The star intended is plainly 
a Bootis, or Arcturus: 


+ 183° 9 ose 33° MY N. 
ear we ABA IN „ 80" 57 N. 
3 is i i | beyond the limits of the 
=n this instance, the Hindus have gone far he 
zodinc, in order to bring into their series of asterisms n brilliant star axes 
the northern heavens: the other two systems agree in remaining —*5 
ecliptic. The fourteenth Chinese siew, Kang, is x Virginis (4.5): 
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manzil, al-Ghafr, '' the covering,’ includes the same star, together with 
tı and either A or ọ Virginis. 

16. Viçákhá, '' having spreading branches '': in all the earlier lists the 
name appears as a dual, vigákhe. ‘The asterism is also placed under the 
regency of a dual divinity, indrágni, Indra and Agni. We should expect, 
then, to find it composed, like the other two dual asterisms, the 1st and 
"ith, of two stars, nearly equal in brilliancy, and two is actually the number 
assigned to the group by the Qakalya and the Khanda-Kataka. Now the 

| only two stars in this region of the zodiac forming a conspicuous pair are 
a and 8 Libre, both of the second magnitude, and as these two compose 
b. the corresponding Arab mansion, while the former of them is the Chinese 
| sicu, we have the strongest reasons for supposing them to constitute the 
Hindu asterism also. There are, however, difficulties in the way of this 
| assumption. The later authorities give Viçàkhá four stars, and the defined 
ya position of the junction-star identifies it neither with a nor 8, but with the 
be: faint star ¿ (4.3) in the same constellation. Colebrooke, overlooking 
| this star, suggests o or x Libra (5): the following comparison of positions 
| will show that neither of them can be the one meant to be pointed out: 


= 
3 | /—  ViçàkbÀ .. 918* 9M  ' .. 1* 95/8. 
— , Libre fe MELO e. 1* 48 B. 
— a Libre L. 205° 5' 0° 23 N. 
x Libra .. 917 ° 45' m 0 j- 


he group is figured as a torana : this word Jones and Colebrooke 


C Ë 
= translate '' festoon," but its more proper meaning is ' an outer door or 
, a decorated gateway.” And if we change the designation of situation 


ipio, 8 decorare x | 
of the junction-star in its group, given below (v. 16), from “* northern " to 


— “ southern,” we find without difficulty a quadrangle of stars, viz., t, a, D, Y 
| (4.5) Libre, which admits very well of being figured as a gateway. Nor 
—  — js it, in our opinion, taking an unwarrantable liberty to make such an alter- 
ation. "The whole scheme of designations we regard as of inferior authenti- 
i city, and as partaking of the confusion and uncertainty of the later know- 
|». ledge of the Hindus respecting their system of asterisms. ‘That they were 
long ago doubtful of the position of Vigükhà is shown by the fact that al- 
mark it in his list as '' unknown.” Very probably 
a-Siddhanta, in calling : the northern member of the group, 
to include with it only the star 20 Libre (3.4), situated about 
Upon the whole, then, while we regard the identi- 
in some respects more doubtful than that of any 
he series, we yet believe that it was originally composed 
| B Libre, and that later the group was extended 
> e and y, and, as so extended, was figured as a gateway. 
al usage, of the faintest star in the group 
may have been mado in order to insure against the 
original dual form. 
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The variations of the other authorities from the position as stated in 
our text are of small importance: the Siddhinta-Cjroman eto. give 
Vicákhá 55' less of polar longitude, and the Grahna-Laghava 1° less; of 
polar latitude, the Siddhanta-Ciromani gives it 10’, the Graha-Lighava 30' 
less; the Khanda-Kataka agrees here, as nlso in the two following asterisms, 
with the Sürya-Siddhànta. 

The sixteenth Arab manzil, comprising, as already noticed, a and B 
Libre, is styled az-Zubánün, '' the two claws '—41.6., of the Scorpion: the 


name of the corresponding Chinese mansion, having for its determinative 
a Libre, is Ti. 


17. Anurádhá; or, as plural, anurádhás: the word means '' success.” 
The divinity is Mitra, '' friend," one of the Adityas. According to the 
Cákalya, the asterism is composed of three stars, and with this our text 
plainly agrees, by designating (v. 18) the middle as the junction-star: all 
the other authorities give it four stars. As n group of three, it comprises 
B. 8, = Scorpionis, 8 (2.3) being the junction-ster; as the fourth member 
we are doubtless to add 8 Scorpionis (5.4). lt is figured as a bali or vali; 
this Colebrooke translates '" a row of oblations; ” we do not find, however, 
that the word, although it means both '' oblation, offering," and '' a row, 
fold, ridge,'' is used to designate the two combined : perhaps it may better 
be taken as simply ''* a row; `” the stars of the asterism, whether considered 
as three or four, being disposed in nearly a straight line. The comparison 
of positions is as follows: 


Anurüdbá& .. 994" 44' ae i 52" 8. 
5 Soorpionis .. 222" 34 29 4^ B1: S 


The Siddhánta- Ciromani and Graha-Lághava estimate the latitude of 
'Anur&dhá somewhat more accurately, deducting from the polar latitude, 
as given by our text, 1° 15’ and 1° respectively: the Siddhanta- iromani 
ete. also add the insignificant amount of 5' to the polar longitude of the 
Sirya-Siddhinta, 

The corresponding Arab manail, named al-Iklil, “ the crown, con- 
tains also the three stars B, 6, = Seorpionis, some authorities adding 6 
to the group. The Chinese sicu, Fang, is = (3), the southernmost and 
the faintest of the three. 


18. Jyeshthd, | '' oldest.” The  Táittiriya-Sanhità, in its list of 
asterisms, repents here the name rohini, ''ruddy," which we have had 
above as that of the 4th asterism : the appellation has the same ground 
in this as in the other case, the junetion-star of Jyeshthá being also one of 
those which shine with a reddish light. The regent is Indra, the god of 
the clear sky. The group | according to all the authorities, three 


ur n" stars, and the central one (v. 18) is the junction-star. This is the briljant 
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star of the first magnitude a Scorpionis, or Antares; its two companions 
are c (3.4) and + (3.4) in the same constellation 


Jyeshtbà . 930* Y „e 3° My 8, 
Antares ..X 229" 44' 4. 4" 91 B. 

The constellation is figured as a ring, or ear-ring; by this may be 
understood, perhaps, a pendent ear-jewel, as the three stars of Jyeshtha 
form nearly a straight line, with the brightest in the middle. 

The Siddhünta.Ciromani and Graha-Lághava add to the polar longi- 
tude of the junction-star of the asterism, as stated in our text, 5! and 1*? 
respectively, and they deduct from its polar latitude 30' and 1° respectively, 
making the definition of its position in both respects less accurate. 

Antares forms the eighteenth manzil, and is styled al-Kalb, ** the 
heart '"—4i.e., of the Scorpion: = and r= are called an-Niyàt, “* the 
pracordia.'" The Chinese sieu, Sin, is the westernmost of the three, or c. 


19. Müla, *' root." The presiding divinity of the asterism is nirrti, 

“ enlamity,'" who is also regent of the south-western quarter. It com- 
prises, according to the Cikalya, nine stars; their configuration is repre- 
sented by a lion's tail. 'lhe stars intended are those in the tail of the 
Scorpion, or e, p, Ê, n, 0, « x, v, A Scorpionis, all of them of the third, or 
third to fourth, magnitude. Other authorities count eleven stars in the 
t group, probably reckoning a and £ as four stars; cach being, in fact, s 
Ar group of two closely approximate stars, named in our catalogues pt (3). 
p? (4), € (4.5), & (3). The Khanda-Kataka alone gives Müla only two stars, 
—— which are identified by al-Birüni with the Arab manzil ash-Shaulah, or 
—— A end v Scorpionis. The TAittiriya-Sanhita, too, gives the name of the 
asterism as vicrtdu, ‘‘ the two releasers ": the Viertáu are several times 

spoken of in the Atharva-Veda as two stars of which the rising promotes 

‘relief from lingering disease (Kshetriya): it is accordingly probable that 
these are the two stars in the sting of the Scorpion, and that they alone 

have been regarded by some as composing the asterism: their healing 

— virtue would doubtless be connected with the meteorological conditions of 





nates the eastern member of the group as its junetion-star: it is uncertain 
— whether the direction is meant to npply to the group of two, or to that 
. of nine stars: if, as seems probable, A is the star pointed out by the 





— definition of position, it is strictly true only of the pair A and v, since t, x, 
and 6 are all farther eastward than A: 
L B. £e 34 
Z4. Ae X 4. 942" 892’ SQ. B*AS S. 
AN í e. 244° 53' .. 19° 44' 8. 
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' by our text : the Siddhánta.Qiromani, in like manner, deducts 30', while 
_ the Khanda-Kataka adds the same amount. 

—* ita "The Tàáittiriya-Sanhità makes pitaras, the Fathers, the presiding 


. divinities of this asterism, as well as of the tenth. 


Bentley states (Hind. Astr., p. 5) that Mila was originally reckoned 
as the first of the asterisms, and was therefore so named, as being their 
root or origin; also that, at another time, or in a different system, the 
series was made to begin with Jyeshthá, which thence received its title of 
'" eldest." These statements are put forth with characteristic reckless- 
ness, and apparently, like a great many others in his pretended history of 
Hindu astronomy, upon the unsupported authority of his own conjecture. 
It is, in many cases, by no means easy to discover reasons for the particular 
appellations by which the asterisms are designated : but we would suggest 
that Mola may perhaps have been so named from its being considerably 
the lowest, or farthest to the southward, of the whole series of asterisms, 
and hence capable of being looked upon as the root out of which they had 
grown up the heavens. It would even be possible to trace the same con- 
ception farther, and to regard Jyeshth& as so síyled because it was the first, 
or '' oldest," outgrowth from this root, while the  Vigükhe, ''the two 
diverging branches," were the stars in which the series broke into two lines, 
the one proceeding northward, to Sváti or Arcturus, the other westward, 
to Citré or Spica. We throw out the conjecture for what it may be worth, 
not being ourselves at all confident of ite accordance with the truth. 

The nineteenth Arab manzil is styled ash-Shaulah, * the sting "— i.e., 
of the Scorpion—and comprises, as already noticed, v and A Scorpionis. 
The determinative of the seventeenth sieu, Uei, is included in the Hindu 
asterism, being ju? Scorpionis. | 

20, 91. Ashádhá; or, as plural, | ashádhás; this treatise presents the 
derivative form dshádhd, which is not infrequent elsewhere : the word 
means ' unsubdued.'" Here, again, we have a double group, divided into 
two nsterisms, which are distinguished as pfrva and uttara, * former '' and 
'" latter." Their respective divinities are ápas, '' the waters,” and viçve 
devas, ` the collective gods.” Two stars are ordinarily allotted to each 
asterism, and in each case the northern is designated (v. 16) as the junction- 
star. By some authorities each group is figured as A bed or oy by 
others, the one as n bed and the other as an elephant's tusk; and iere, 

— : : ini to which is the bed and which the 
again, there is & difference of opinion as to AR Us ek ihe ene 
tusk. The true solution of this confusion is, as we conceive, th W 

| bed. while either of them alone 
asterisms taken together are figured as a bed, — — ToS 
fn | | '« tusk. The former group must comprise 
is represented by an elephant's tu some Miner bt S 
& (8.4) and e (8.2) Sagittarii, the former being the junction-star; 
shown by the following comparison of positions: | 


I AM "9 w ~ 5” an” > 
Porve- 254^ 39 X bap 
I B x," Ashight * 32 ... 6° 25' ° a 
M Sagittar ii - € — — — á = 
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_ The Graha-Lághava gives Pürva-Ashádhà 1? more of polar longitude, 
and 30/ less of polar latitude, than the Strya-Siddhante: the Siddhanta- 
'  Qiromani etc. give it 10' less of the latter. 

|. "The latter of the two groups contains, as its southern star, Ç Saggittarii 
(8.4), and its northern and junction-star can be no other than c (2.3) in 
the same constellation, notwithstanding the error in the Hindu determination 
of its latitude, which led Colebrooke to regard 7 (4.8) as the star intended : 


we subjoin the positions : 


Uttara-Asbidhi ... 260° 23 ae 4° 60-6. 
g Sagittarii .. 262° 21’ «a. 3° 24° 8. 
< 7z Sagittarii .. 264° 48' 289 34 9 


Bot. = The only variation from the position of the junction-star of this 
| n". asterism as stated in our text is presented by the Graba-Lághava, which. 
|. . makes its polar longitude 261° instead of 260". 

WEE The Qákalya (according to Colebrooke: our MS. is defective at this 
— point) and the Khanda-Kataka assign four stars to each of the Ashàdhás, 
m». and. the former represents each as a bed. It would not be difficult to 
Ka establish two four-sided figures in this region of the constellation Sagittarius, 
— each including the stars above mentioned, with two others: the one would 
—* . be composed of y? (4.8), 8, e, n (4—the star is also called 6 "Telescopii), 
X EF the other of $ (4.8), = r, and £: such is unquestionably the constitution of 
— the two asterisms, considered as groups of four stars; they are thus identified 
— . also, it may be remarked, by al-Birüni. The junction-stars would still 
z^" — be 3 and a, which are the northernmost in their respective constellations; 
— nor is there any question as to which four among the eight are selected 
on to make up the double asterism, since 8, e, Ê, and o both form the most 

F regular quadrangular figure, and are the brightest stars. 
— —— The determinatives of the eighteenth and nineteenth mansions of the 


; 
es Chinese, Ki and Teu, are 32 and ¢ Sagittarii, which are included in the 
l a twentieth manzil comprehends 
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= two quadruple groups as stated above. Th 
s d "2 - ND SU l wet h, , ” . a> 434 
. all the eight stars which we have mentioned, and is styled an-Na'àim, - the 
. A pasturing cattle '": some also understand each group of four as representing 
R4 an ostrich, na’ . The twenty-first manzil, on the other hand, al-Baldab, 
SI. ¿he town,'' is described as a vacant space above the head of Sagittarius, 
the most conspicuous is = Sagittarii 








ec - bounded by fant stars, among which 
Eas ^ 

x 92. Abhijit, “ conquering.” The regent of the asterism is Brahma. 
sition ned to its junction-star, which is described as the brightest 
o identifies it with a Lyre or Vega, a star which 


p 


up of three, 
only one or two others in the heavens: 
.. 264° LO ,. 59" 58' N. 
due 265* 15' .,. 61" 46° N. 


es compared (excepting the Qakalya) define the 
accurately, adding 2° to the polar 
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latitude giyen by the Sürya-Siddhánta: the Graha-Lághnva also improves 
the position in longitude by adding 1° 20', while the Siddhinta-Ciromani 
ete. increase the error by deducting 1° 40. 

The Táittiriya-Sanhità (iv. 4. 10) omits Abhijit from its list of the 
asterisms: the probable reason of its omission in some authorities, or in 
certain connections, and its retention in others, we shall discuss farther on. 

Abhijit is figured as a triangle, or as the triangular nut of the 
erngüta, an aquatic plant; this very distinctly represents the grouping of 
a luyre with the two other fainter stars of the same constellation, e and $, 
both of the fifth magnitude. 


In this and the two following asterisms—as once before, in the fifteenth 


. of the series—the Hindus have gone far from the zodiac, in order to bring 


into their system brilliant stars from the northern heavens, while the 
Chinese and the Arab systems agree in remaining in the immediate neigh- 
borhood of the ecliptic. The twentieth sieu is named Nieu, and is the 
star 8 Capricorni (3), situated in the head of the Goat: the twenty-second 
manzil, Sa'd adh-Dhábih, “ felicity of the sacrificer," contains the same 


star, the group being a (composed of two stars, each of magnitude 8.4) 
and 8 Capricorni. 


28. Cravana, '' hearing, enr; '" from the root cru, '' hear ": another 
name for the asterism, croná, found occurring in the Táittiriya lists, is 
perhaps from the same root, but the word means also ''lame.'' avana 


comprises three stars, of which the middle one (v. 18) is the junction-star: 
they are to be found in the back and neck of the Eagle, namely as y, o, and 
B Aquilm; a, the determinative, is a star of the first to second magnitude, 
while y and 8 are of the third and fourth respectively : 


Qravapa .. 282° 29 .. 29° Ga’ N. 
a Aquilam .. S68" 41 .,. 20° 11- N. 


Al the authorities agree as to the polar latitude of Ciavana: the 
Biddhánta Ciromani etc. give it 2^ less of polar longitude than our treatise, 
and the Graha-Lághava even as much as 5° less. 


'The regent of the asterism is Vishnu and its figure or symbol corres- 
ponds therewith, being three footsteps, representatives of the three steps 
by which Vishnu is said, in the early Hindu mythology, to have strode 
through heaven. The Akalya, however, gives a trident as the figure 
belonging to Cravana. ossibly the name is to be regarded as indicating 
that it was originally figured as an ear. 

The Chinese sieu corresponding in rank with (Qravana is called Nü, 
and is the faint star e Aquarii (4.8). The Arab manzil Sa’d Buaula ', 
= felicity of a devourer," or al-Bula ' '' the devourer,'' ete., includes the 
same star, being composed of e, p (4.5), v (5) Aquarii, or, according to 
others, of e and 7 (6) Aquarii, or of u and v. 
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24. Cravishthd; the word is a superlative formation from the same 
root from which came the name of the preceding asterism, and means, 
probably, '' most famous." Another and hardly less frequent appellation 
is dhanishthá, am irregulgr superlative from dhanin, '" wealthy.” The class 
of deities known as the vasus, '' bright, good," are the regents of the 
asterism. It comprises four stars, or, according to the Qákalya and 
Khanda-Kataka, five: the former, which is given by so early a list as that 
of the Taittiriya-Brihmana, is doubtless the original number. The group 
is the conspicuous one in the head of the Dolphin, composed of 8, a, y, Š 
Delphini, all of them stars of the third, or third to fourth, magnitude, and 
closely disposed in diamond or lozenge-form:; they are figured by the 
Hindus as a drum or tabor. ‘The junction-star, which is the western 
(v. 17), is B: 


Qraviabtb& ss. 206° 0 ... 35° 33' B. 
8 Delphini .. 296° 19° . 81* 57’ B. 

The only variation from the position assigned in our text to the junc- 
tion-star of Cravishthà is presented by the Graha-Lághava, which gives it 
286°, instead of 290°, of polar longitude. Perhaps its intention is to point 
out £ (5) as the junction-star: this is doubtless the one added to the other 
four, on account of its close proximity to them, to make up the group 
of five; it lies only about half a degree westward from B. 

The name of the twenty-fourth manail, Sa'd as-Bu'üd, ''felicity of 
felicities ''—1i.e., '' most felicitous '". exhibits an accordance with that of 
the Hindu asterism which possibly is not accidental. The two are, however, 
as already noticed, far removed in position from one another, the Arab 
mansion being composed of the two stare 8 (B) and £ (5.4), in the left 
shoulder of Aquarius, to which some added also 46, or eY, Capricorni (6). 


<a The corresponding sieu, Hil, is the firs* of them, or 8 Aquarii. 














25. Catabhishaj, ‘‘ having a hundred physicians '': the form catabhishá 
which seems to be merely a corruption of the other, also occurs in later 
writings. It is, as we should expect from the title, said to be composed 
of » hundred stars, of which the brightest (v. 19) is the junction-star. 
This, from its defined position, can only be A Aquarii (4): 


j .. 819° 61' .. 0° 29'S. 


Qatabhisba 
^ Aquarii 321" 33’ .. 0998. 


| - "The rest of the asterism is to be sought among the yet fainter stars in 


‘the knee of Aquarius, and the stream from his jar: of course, the number 
one hundred is not to be taken as an exact one, nor aie we to suppose it 
p jlo to trace out with any distinctness the figure assigned to the group, 

-Kataka, according to al-Birüni, gives 


| : ETT single star, but this is probably an error of tho Arab 
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he is unable to point out which of the stars in Aquarius is to 
ed as constituting the asterism. —— x 
EM regent of the 25th asterism, according to nearly all the authorities, 
— is Varuna, the chief of the Adityas, but later the god of the waters: the 
P. — Táittiriya-Sanhità alone gives to it and to the 14th asterism, as well as to 
|. the 18th, Indra as presiding divinity : this is perhaps mere blundering. 
| The Graha-Lághava places the junction-star of Qatabhishaj precisely 
on the ecliptie: the Siddhánta-Qiromani etc., give it 20', instead of 30’, 
of polar latitude south. ç 
The corresponding lunar mansion of the Arabs, Sa'd al-Akhbiyah, 
'" the’ felicity of tents,” comprises the three stare in the right wrist and 
hand of the Water-bearer, or y (3), ¢ (4), y (4) Aquarii, together with a 
fourth, which Ideler supposes to be x (5). Since, however, the twenty- 
third Chinese determinative, Goei, is a Aquarii (3), a star so near as 
readily to be brought into the same group with the other three, we are 
inclined to regard it as altogether probable that the mansion was, at least 
originally, composed of a, y, £ and y. | | 
26, 27. Bhádrapadá; as plural, bhádrapadás: also bhadrapadá; from 
bhadra, ` beautiful, happy," and pada, ''ífoot.'" Another frequent appel- 
lation is proshthapadá: proshtha is said to mean *' carp " and '' ox ’’; the 
latter signification might perhaps apply here. We have here, once more, 
a double asterism, divided into two parts, which are distinguished from 
one another as párva and uttara, '' former '' and '' latter.” All authorities 
agree in assigning two stars to each of the two groups; but there is not 
the same accordance as regards the figures by which they are represented : 
by some the one, by others the other, is called a couch or bed, the alternate 
one, in either case, being pronounced a bi-faced figure: the Muhúrta- 
Cint&mani calls the first a bed, and the second twins. It admits, we 
apprehend, of little or no question that the Bhádrapadás are properly the 
four bright stars 8, a, y Pegasi, and a Andromedæ—all of them common- - 
ly reckoned as of the second magnitude—which form together a nearly 
perfect square, with sides measuring about 15°: the constellation, A very x 
conspicuous one, is familiarly known as the '' Square of Pegasus. The 
figure of a couch or bed, then, belongs, as in the case of the other two — 
double asterisms, already explained, to the whole constellation, and not 
to either of the two separate asterisms into which it is divided, while, o 38 
the other hand, either of these latter is properly enough symbolized by a — * 
pair of twins, or by a figure with a double face. ; "The appropriateness of —— | 
- designation '' feet,” found as a part of both the names. of the whole con- —— 
-  . stellation, is also sufficiently evident, if we regard the group as thus 
x . composed. The junction-star of the former half-asterism is, by its defined — 
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— "The Graha-Lághaya gives the junction-star 1? less of polar longitude, 
which would bring its position to a yet closer accordance, in respect to 
| longitude, with a Pegasi: the error in latitude, which is common to all 
A the authorities, is not greater than we have met with several times else- 
t. where. -But we are told below (v. 16) that the principal star of each of 
^ these asterisms is the northern, and this would exclude 8 Pegasi altogether, 
bringing in as the other member of the first pair some more southern star, 
|» perhaps £ Pegasi (3.4). The confusion is not less marked, although of 
another character, in the case of the second asterism : in the definition of 
"position of its junetion-star we find a longitude given which is that of one 
member of the group, and a latitude which is that of the other, as is shown 
by the following comparison: 


P 


ra Uttara-Bhüdrapadá .. 947" 16' ..124* MN. 
£ A Pegasi i .. 849° .8' ... 12° 85' N. 
f a Andromedm we 954" 17° s. 25° 4)’ N. 























If we accept either of these two stars as the one of which the position 
is meant to be defined, we shall be obliged to admit an error in the deter- 
.  mination either of its longitude or of its latitude considerably greater than 
— wea have met with elsewhere. Nor is the matter mended by any of the 
| other authorities: the only variation from the data of our text is presented 
|. by the Graha-Lághava, which reads, as the polar latitude of Uttara- 
Bhádrapadà, 27^ instead of 26°. There can be no doubt that the two 

stars recognized as composing the asterism are y Pegasi and a Andromed= 
but there has evidently been a blundering confusion of the two in making 
out the definition of position of the junction-star. We would suggest the 
P following as a possible explanation of this confusion: ‘that originally a and 
~ . > Pegasi were designated and described as junetion-stars of the two half- 
( a groups, of which they were respectively the southern mernbers; that after- 
— ward, for some reason—perhaps owing to the astrological theory (see above, 
= wii. 21) of the superiority of a northern star—the rank of junction-star was 
» sought to be transferred from the southern to the northern stars of both 
!  asterisms : that, in making the transfer, tho original constitution of the 
former group was neglected, while in the latter the attempt was made to 
2! ‘define the real position of the northern star, but by simply adding to the 
L; polar latitude already stated for y Pegari, without altering its polar longi- 
tude al x.  Al-Birüni, it should be remarked, was unable to obtain from 
- hi: | du informants any satisfactory identification of either of these aster- 
— ds s, and marks both in his catalogue as '' unknown.” 
ve taken of the true character of the two Bhådrapadås 
| by their comparison with the corresponding members 
The twenty-sixth and twenty-seventh manzils, 
and al-Fargh al-Mukhir, * the fore and hind spouts 
** comprise respectively a and @ Pegasi, and y Pegasi 
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and a Andromed:e; tho determinatives of the twenty-fourth and twenty- 
fifth sicu, Che and Pi, are a and y Pegasi. 

The regents of these two asterisms are aja ekapüt and ahi budhnya, 
the '' one-footed goat ' and the '' bottom-snake,'' two mythical figures, of 
obscure significance, from the Vedic pantheon. 


28. Revati, '" wealthy, abundant.' Its presiding divinity is Pushan, 
“ the prosperer,'" one of the Adityas. It is said to contain thirty-two 
stars, which are figured, like those of Cravishthá, by a drum or tabor; 
but it would be in vain to attempt to point out precisely tho thirty-two 
which are intended, or to discover in their arrangement any resemblance 
to the figure chosen to represent it. The junction-star of the group is said 
(v. 18) to be its southernmost member: all authorities agree in placing it 
upon the ecliptic and all excepting our treatise and the Cakalya make its 
position exactly mark the initial point of the fixed sidereal sphere, The 
star intended is, as we have already often had occasion to notice, the faint 
star £ Piscium, of about the fifth magnitude, situated in the band which 
connects the two Fishes. It is indeed very near to the ecliptic, having 
only 18’ of south latitude. It coincided in longitude with the vernal equinox 
in the year 572 of our era. 


At the time of al-Birüni's visit to India, the Hindus seem to have 
been already unable to point out distinctly and with confidence the situation 
in the heavens of that most important point from which they held that the 
motions of the planets commenced at the creation, and at which, at suc- 
cessive intervals, their universal conjunction would again take place; for 
he is obliged to mark the asterism as not certainly identifiable. He also 
assigns to it, as to Catabbishaj, only a single star. 

The twenty-sixth Chinese sieu, Koei, is marked by é Andromedm (4), ° 
which is situated only 35' east in longitude from € Piscium, but which 
has 17° 86’ of north latitude. The last manzil, Batn al-Huit, '' the fish's " 


belly,'' or ar-Rishá, '' the band," seems intended to include the stars com- 
posing the northern Fish, and with them probably the Chinese deter- 
minative also: but it is extended so far northward as to take in the bright 
star 8 Andromed:w (2), and to this star alone the name of the mansion is 
sometimes applied, although its situation, so far from the ecliptie (in lat. 
25° 56’ N.), renders it by no means suited to become the distinctive star 
of one of the series of lunar stations. T 

We present, in the annexed table, n general conspectus of the corres- 
pondences of the three systems; and, in order to bring out those corres- M 
pondences in the fullest manner possible, we have made the comparison in 
three different ways: noting, in the first place, the cases in which the three 
agree with one another; then those in which each agrees with one of the 
others; and finally, those in which each agrees with either the one or the 
other oí the remaining two. 
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Correspondences of the Hindu, Arab, and Chinese Systems of Asterisms. 





° Hindu Arab Chi 
with with with 
Arab Hindu | Hindu 
or 













"| 1| Agvini, 1 1 1 
2 Bharagi, o oe a 
e 3, Kritika, 3 3 3 
4| Robini, 4 4 4 
, 6| Mrgagtrshs, l 5 5 5 
k- 6 Ardra, | ... I — "et 
y- 7| Punarvasu, | END 8 " 
—* 8| Pusbya, ' J | H 6 
n 9| Ágleshá, | 8 d- 7 
w 10| Magbå, , 9 B ene 
* 11 | P..Phalguni, 10 9 e 
A |12| U.-Phalgupi, 1 10 
LT 13| Hasta, 12 nd 8 
"T 14 | Citra, 13 il 9 
| 15| Sv&ti, ^ 12 10 
16| Vicikbs, 14 13 11 
17 | Anuradha, 15 14 12 
(18| Jyeabtbá, 16 15 13 
{|19| Muls, 17 16 14 
20| P.-Ashédh4, 18 17 15 
21| U.-Asbádhà, 19 + 16 
22 18 17 
[231 19 18 
24 90' | 19 
25 "=š 91 | 90 
| 26 20 2a | el 
aT 21 23 22 
[98 24$ | 235 
* 


second manzil to be composed of the stars in Musca, as defined 
oms sixth manzil includes, according to many anthorities, the 
i: ieu | but as there is, at any rate, a discordance in the order of succession, we have 
, reckoned this among the correspondences, £ We reckon these two as cases of general 

neo, becat the Chinese sieu is not contained in the Arab mansion, 
d them both, and the virtual correspondence of tho three 
yond dispute. $ Hore we assume the Chinese sieu to be comprised smong 
the last manzil, which is altogether probable, although nowhere distinctly 
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|... Owing to the different. constitution of the systems, their correspond. 
ences are somewhat diverse in character: we meoqunt the Hindu asterisms 

and the Arab mansions to agree, when the groups which mark the two 
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composed ole or in part, of the same stars: we account the 
Chinese system to agree with the others, when the determinative of a sieu 
is to be found among the stars composing their groups. We have prefixed 
to the whole the numbers and titles of the Hindu asterisms, for the sake 
of easy reference back to the preceding detailed identifications and 
comparisons. 

After this exhibition of the concordances existing among the three 
systems, it can, we apprehend, enter into the mind of no one to doubt 
that all have a common origin, and are but different forms of one and 
the same system. "The questions next arise—is either of the three the 
original from which the others have been derived? and if so, which of them 
is entitled to the honor of being so regarded? and are the other two 
independent and direct derivatives from it, or does either of them come 
from the other, or must both acknowledge an intermediate source? In 
endeavoring to answer these questions, we will first exhibit the views of 
M. Biot respecting the origin and character of the Chinese sieu, as stated 
in the volumes for 1840 and 1859 of the Journal des Savants. 

According to Biot, the sieu form an organie and integral part of that 
system by which the Chinese, from an almost immemorial antiquity, have 
been accustomed to make their careful and industrious observations of 
celestial phenomena. Their instruments, and their methods of observation, 
have been closely analogous with those in use among modern astronomers 
in the West: they have employed a meridian-circle and & measure of time, 
. the clepsydra, and have observed meridian-transits, obtaining right ascensions 

and declinations of the bodies observed. To reduce the errors of their 
imperfect time-keepers, they long ago selected certain stars near. the + 
equator, of which they determined with great care the intervals in time, 
and to these they referred the positions of stars or planets coming to the 
meridian between them. The stars thus chosen are the sieu. Twenty-four 
of them were fixed upon more than two thousand years before our era 
(M. Biot says, about B.C. 2357: but it is obviously impossible to fix the 
date, by internal evidence, within a century or two, nor is the external evid- 
ence of a more definite character); the considerations which governed their € 
selection were three: proximity to the equator of that period, distinct / 
visibility—conspicuous brilliancy not being demanded for them—and — » 
agreement in respect to time of transit with the upper and lower meri AED j. 
passages of the bright stars near the pole, within the circle E. as gasas: 
‘apparition: M. Biot finds reason to believe that these circumpolar sta 
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had been earlier observed with special care, and made standards of com- - 
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with them in right ascension. The other four, being the 8th, 14th, 218t, 
and 28th, the accession of which completed the system of twenty-eight, 
were added in the time of Cheu-Kong, about B.C. 1100, because they 
| marked very nearly the positions of the equinoxes and solstices at that 
epoch: the bright star of the Pleiades, however, which had originally been 
made the first of the series, from its near approach to the vernal equinox 
of that remoter era, still maintained, as it has ever since maintained, ite 
rank as the first. Since the time of Cheu-Kong the system has undergone 
no farther modification, but has been preserved unaltered and unimproved, 
with the obstinate persistency so characteristic of the Chinese, although 
many of the determinative stars have, under the influence of the precession, 
become far removed from the equator, one of them even having retrograded 
— . into the preceding mansion. 
" If the history of the Chinese sieu, as thus drawn out, is well-founded 
|. and true, the question of origin is already solved: the system of twenty- 
. — . eight celestial mansions is proved to be of native Chinese institution—just 
NS ns the system of representation of the planetary movements by epi-cycles 
3 - is proved to be Greek by the fact that we can trace in the history of Greek 
— science the successive steps of its gradual elaboration. That history rests, 
at present, upon the authority of M. Biot alone: we are not aware, at 
= least, that any other investigator has gone independently over the same 
Tom ground ; and he has not himself laid before us, in their original form, the 
C || passages from Chinese texts which furnish the basis of his conclusions. 
But we regard them as entitled to be received, upon his authority, with 
— no slight measure of confidence: his own distinguished eminence as a 
Rt — physicist and astronomer, his familiarity with researches into the history 
ux "hd archseology of science, his access to the abundant material for the history 
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ekin, and the zealous assistance of his son, M. Edouard Biot, the eminent 
Sinologist, whose premature death, in 1850, has been so deeply deplored 
as n severe loss to Chinese studies—all theso advantages, rarely united in 
Lt such fullness in the person of any one student of such a subject, give very 
great ‘arrived at by him as the results of laborious and 
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ter of the culture of the Chinese, that they 
ystem at so early ñ date. They have, from 
distinguished by a tendency to observe and 
dus by the lack of such a tendency: they have always 
reme impo ce to astronomical labors, and to the construc- 
‘and rectification of the calendar; and the industry and accuracy of their 
yservatic 18 | 8 i ? at T i by the use made of them by modern astronomers— 
is, to take a single instance, of the cometary orbits which have been 
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. calculated, the first twenty-five rest upon Chinese observations alone: and 


once more, it is altogether in accordance with the clever empiricism and 
practical shrewdness of the Chinese character that they should have 
originated at the very start a system of observation exceedingly well 
ndapted to its purpose, stopping with that, working industriously on thence- 
forth in the same beaten track, and never developing out of so promising a 
commencement anything deserving the name of a science, never devising 
a theory of the planetary motions, never even recognizing and defining the 
true character of the cardinal phenomenon of the precession. 

Again, although it might seem beforehand highly improbable that a 
system of Chinese invention should haye found its way into the West, 
and have been extensively accepted there, many centuries before the 
Christian era, there are no so insuperable difficulties in the way as should 
destroy the force of strong presumptive evidence of the truth of such a 
communication. It is well known that in very ancient times the products 
of the soil and industry of China were sought as objects of luxury in the 
West, and mercantile intercourse opened and maintained across the deserts 
of Central Asia; it even appears that, as early as about B.C. 600 (Isaiah 
xlix. 12), some knowledge of the Sinim, as a far-off eastern nation, had 
penetrated to Babylon and Judea. On the other hand, we do not know 
how much, if at all, earlier than this it may be necessary to acknowledge 
the system of asterisms to have made its appearance im India. The literary 
memorials of the earliest period, the Vedic period proper, present no evidence 
of the existence of the system: indeed, it is remarkable how little notice 
is taken of the stars by the Vedic poets; even the recognition of some of 
them as planets does not appear to have taken place until considerably 
later. In the more recent portions of the Vedic texts—as in the nineteenth 
book of the Atharva-Veds, a modern appendage to that modern collection, 
and in parts of the Yajur-Veda, of which there is reason to believe that 
the canon was not closed until a comparatively late period—full lists of the 
asterisms are found. The most unequivocal evidence of the early date of 
the system in India is furnished by the character of the divinities under 
whose regency the several asterisms are placed: these are all from the 
Vedic pantheon; the popular divinities of later times are nob to be found 
among them; but, on the other hand, more than one whose consequence is 
lost, and whose names nlmost are forgotten, even in the epic period of 
Hindu history, appear in the list. Neither this, however, nor any other 
evidence known to us, is sufficient to prove, or even to render strongly, 
probable, the existence of the asterisms in India at so remote a period that 
the system might not be believed to have been introduced, in its fully 
developed form, from China. | 

If, now, we make the attempt to determine, upon internal evidence, 
which of the three systems is the primitive one, & detailed examination of 
their correspondences and differences will lead us first to the important 
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negative conclusion that no one among them can be regarded as the imme- 
diate source from which either of the other two has been derived, IL is 
evident that the Hindu asterisms and the Arab manázil constitute, in many 
respects, one and the same system: both present to us constellations or 
groups of stars, in place of the single determinatives of the Chinese sisu; 
and not only are those groups composed in general of the same stars, but 
in several cases—as the 7th, 10th, lith, and 12th members of the series— 
where they differ widely in situation from the Chinese determinatives, 
they exhibit an accordance with one another which is too close to be plausibly 
looked upon as accidental. But if it is thus made to appear that neither 
can have come independently of the other from s Chinese original, it 15 no 
less certain that neither can have come through the other from such an 
original; for each has its own points of agreement with the sieu, which the 
other does not share—the Hindu in the 9th, 13th, and 21st asterisms, the 
Arab in the 15th, 22nd, 25rd, 24th, and 25th mansions. The same consi- 
| derations show, inversely, that the Chinese system cannot be traced to 
| either of the others as its source, since it agrees in several points with each 
one of them where that one differs from the third. It becomes necessary, 
then, to introduce an additional term into the comparison; to assume the 
n existence of a fourth system, differing in some particulars from each of the 
others, in which all shall find their common point of union. Such an 
assumption is not to be looked upon as either gratuitous or arbitrary. Not 
only do the mutual relations of the three systems point distinctly toward 
it, but it is also supported by general considerations, and will, we think, be 
Q found to remove many of the difficulties which bave embarrassed the history 
- of the general system. It has been urged as a powerful objection. to the 
Chinese origin of the twenty-eight-fold division of the heavens, that we 
— find traces of its existence in so many of the countries of the West, geogra- 
| phically remote from China, and in which Chinese influence can hardly be 
| supposed to have been directly felt. And it is undoubtedly true that neither 
India nor Arabia has stood in ancient times in such relations to China as 
should fit it to become the immediate recipient of Chinese learning, and 
the means of its communication to surrounding peoples. The great route 
i of intercourse between China and the West led over the table-land of 
- — Qentral Asia, and into the north-eastern territory of Iran, the seat of the 
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| — Zoroastrian religion and culture: thence the roads diverged, the one leading 
westward, the other couth-eastward into India, through the valley of the 
‘Cabul, the true gate of the Indian peninsula. Within or upon the limits oí 
this central land of Iran we conceive the system of mansions to hie 
received that form of which the Hindu nakshatras aud the Arab mundail are 
the somewhat altered representatives : precisely where, and whether in the 
M hands of Bemitic or of Aryan races, we would not at present attempt to say. 
‘There are, as has been noticed above, traces of an Iranian system to be 

found in the Bundehesh; but this ‘a a work which, although probably not 
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an pretend to no high ‘antiquity, and no like traces have as yet been 
pointed out in the earliest Iranian memorial, the Zendavesta. Weber 
i Ew And, Literaturgeschichte, Pa 221), on the other hand, sees in the mazzaloth 
33 and mazzaroth of the Scriptures (Job xxxviii. 32; Il Kings xxiii. 5)—words 
e , radically akin with the Arabic manzil—indications of the early existence of 
the system in question among the western Semites, and suspects for it a 
— Chaldaic origin: but the allusions appear to us too obscure and equivocal 
f to be relied upon as proof of this, nor is it easy to believe that such a 
method of division of the heavens should have prevailed so far to the west, 
snd from so ancient a time, without our hearing of it from the Greeks; 
and especially, if it formed a part of the Chaldaic astronomy. This point, 
however, may fairly be passed over, as one to be determined, perhaps, by 
tuture investigations, and not of essential importance to the present inquiry. 
The question of originality is at least definitely settled adversely to the 
claims of both the Hindu and the Arab systems, and can only lie between 
the Chinese and that fourth system from which the other two have together 
descended. And as concerns these, we ure willing to accept the solution 
which is furnished us by the researches of M. Biot, supported as we 
conceive it to be by the general probabilities of the case. Any one who 
will trace out, by the help of a celestial globe or map,* the positions of 
the Chinese determinatives, cannot fail to perceive their general approach 
to 8 great circle of the sphere which is independent of the ecliptic, and 
which accords more nearly with the equator of B.C. 2350 tban with any 
cther later one. ‘The full explanations and tables of positions given Ly 
Biot (Journ. d. Sav., 1840, pp. 248-254) also furnish evidence of a kiud 
appreciable by all, that the system may have bad the origin which lhe 
attributes to it, and that, allowing for the limitations imposed upon it by 
its history, it is consistent with itself, and well enough adapted to tho 
purposes for which it was designed. With the positions of its determina- 
tive stars seem to have agreed those of the constellations adopted by the 
common parent of the Hindu and Arab systems, excepting in five or six 
points: those points being where the Chinese make their one unaccountable 
leap from the head to the belt of Orion, and again, where the sieu are drawn 
off far to the southward, in the constellations Hydra and Crater: and this, 
in our view, looks much more as if the series of the sieu were the original, 
whose guidance had been closely followed excepting n & few cases, than 
as if the asterisms composing the other systems had been independently 
selected from the groups of stars situated along the zodiac, with the inten- 


tion of forming a zodiacal series. It is easy to see, farther, how the single 
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- . determinatives of the sieu should have become the nuclei for constellations 
such as are presented by the other systems; but if, on the contrary, the 


D sicu had been selected by the Chinese, in each case, from groups previously 
constituted, there appears no reason why their brightest stars should not 
^ have been chosen, as they were chosen later by the Hindus in the establish- 
! ment oí junction-stars for the asterisms. 
z We would suggest, then, as the theory best supported by all the 


Fy: evidence thus far elicited, that a knowledge of the Chinese astronomy, and 
with it the Chinese system of division of the heavens into twenty-eight 


y mansions, was carried into Western Asia at a period not much later than 
K B.C. 1100, and was there adopted by some western people, either Semitic 
or Iranian, That in their hands it received a new form, such as adapted 


it to a ruder and less scientific method of observation, the limiting stars 
of the mansions being converted into zodiacal groups or constellations, 
and in some instances altered in position, so as to be brought nearer to 
the general planetary path of the ecliptic. That in this changed form, 
having become a means of roughly determining and describing the places 
and movements of the planets, it passed into the keeping of the Hindus— 
— very probably along with the first knowledge of the planets themselves— 
* and entered upon an independent career of history in India. That it still 
— maintained itself in its old seat, leaving its traces later in the Bundehesh; 
and that it made its way so far westward as finally to become known to, 
‘and adopted by, the Arabs. ‘The farther modifications introduced into it 
— by the latter people all have in view a single purpose, that of establishing 
its stations in the immediate neighbourhood of the ecliptic: to this purpose 
the whole Arab system is not less constantly faithful than is the Chinese 
, to its own guiding principle. The Hindu sustains in this respect but an 
—  unfavourable comparison with the others: the arbitrary introduction, in 
. the 15th, 22nd, 23rd, and 24th asterisms, of remote northern stars, greatly 
— jmpairs its unity, and also furnishes an additional argument of no slight 
e | — force against its originality; for, on the one hand, the derivation of the 
M J others from it becomes thereby vastly more difficult, and, on the other, 
| we can hardly believe that a system of organic Indian growth could have 
^ "M x itrary alterations made, at the time of its adoption, in an 
ES uU tion imported from abroad. = _ 
— k: ght, at first sight, appear that the adoption by the Arabs of the 
nail corresponding to Agvini as the first of their series indicated that 
erived it from India posterior to the transfer by the Hindus 
rank from Krttikà, the first of the sicu, to Acvini: but the 
stance seems readily to admit of another interpretation. The names 
iy C f the Arab mansions show the influence of the Greek astronomy, 
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coinciding most nearly with the beginning of the Greek zodiac. The 
transfer on the part of the Hindus, likewise, was unquestionably made at 
the time of general reconstruction of their astronomical system under 
the influence of western science. ‘The two series are thus to be regarded 
as having been brought into accordance in this respect by the separate and 
independent working of the same cause. 
M. Biot insiste strongly, as a proof of the non-originality of the 
system of asterisms among the Hindus, upon its gross and palpable lack 
of adaptedness to the purpose for which they used it; he compares it to 
a gimlet out of which they have tried to make a saw. In this view we 
can by no means agree with him: we would rather liken it to a hatchet, 
which, with its edge dulled and broken, has been turned and made to do 
duty as a hammer, and which is not ill suited to its new and coarser office. 
Indeed, taking the Hindu system in its more perfect and consistent form, 
as applied by the Arabs, and comparing it with the Chinese sicu at any 
time within the past two thousand years, we are by nó means sure that 
the advantage in respect to adaptation would not be generally pronounced 
to be upon the side of the former. The distance of many of the siew during 
that period from the equator, the faintness of some among them, the great 
irregularity of their intervals, render them anything but a model system 
for measuring distances in right ascension. On the other hand, to adopt 
a series of conspicuous constellations along the zodiac, by their proximity 
to which the movements of the planets shall be marked, is no unmotived 
proceeding: just such a division of the ecliptic among twelve constellations 
preceded and led the way to the Greek method of measuring by signs, 
having exact limits, and independent of the groups of stars which originally 
gave name to them. M. Biot's error lies in his misapprehension, in two 
important respects, of the character of the Hindu asterisms: in the first 
place, he constantly treats them as if they were, like the steu, single stars, 
the intervals between whose circles of declination constituted the accepted 
divisions of the zodiac; and in the second place, he assumes them to have 
been established for the purpose of marking the moon's daily progress from 
point to point along the ecliptic. Now, as regards the first of these points, 
we have already shown above that the conversion of the Chinese determina- 
tives into constellations took place, in all probability, before their introduc- | 
tion to the knowledge of the Hindus: there is, indeed, an entire unanimity 
of evidence to the effect that the Hindu system is from its inception one 
of groups of stars: this is conclusively shown by nc 
plural narnes of the asterisms, or by their otherwise £ : itles— 
compare especially those of the 13th and 25th of the series. The election 
of a “ junction-star ' to represent the asterism appears to be someting 
comparatively modern: we regard it as Sas to the reconstruction of 
the Hindu astronomy upon 8 truly scientific basis, : | 
by calculation, of the precise places of the planets: this would naturally 
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awaken a desire for, and lead to, a similarly exact determination of the 
; position of some star representing each asterism, which might be employed 
in the calculation of conjunctions, for astrological purposes; the astronomical 
uses of the system being no longer of much account after the division of the 
ecliptic into signs. And the choice of the junction-star has fallen, in the 
majority of cases, not upon the Chinese determinative itself but upon some 
other and more conspicuous member of the group originally formed about 
the latter. Again, there is an entire absence of evidence that the 
“ portions '' of the asterisms, or the ares of the ecliptie named from them, 
were ever measured from junction-star to junstion-star: whatever may 
be the discordance among the different authorities respecting their extent 
and limits, they are nlways freely, and often arbitrarily, taken from parts 
| of the ecliptic adjacent to, or not far removed from, the successive 
iat ' constellations. 
E = As regards the other point noticed, it is, indeed, not at all to be 
— «wondered at that M. Biot should treat the Hindu nakshatras as a system 
—  -— bearing special relations to the moon, since, by those who have treated 
E of them, they have always been styled "' houses of the moon,” '' moon- 
stations,'' '' lunar asterisms,"' and the like. Nevertheless, these designa- 
tions seem to be founded only in carelessness, or in misapprehension. In 
the Sürya-Siddhánta, certainly, there is no hint to be discovered of any 
particular connection between them and the moon, and for this reason we 
have been careful never to translate the term nakshatra by any other word 
than simply '' asterism.' Nor does the case appenr to have been other- 
wise from the beginning. No ons of the general names for the asterisms 
(nakshatra, bha, dhishnya) means literally anything more than “' star P 
or '' constellation '': their most ancient and usual appellation, nakshatra, 
as a word of doubtful etymology (it may be radically akin with nakta, nox, 
—— wet '"" might '”), but it is not infrequently met with in the Vedic writings, 
with the general signification of '' star," or '' group of stars '': the moon 
ia several times designated as '' sovereign of the nakshatras,'"" but evidently 
in no other sense than that in which we style her ‘* queen of night; '' 
for the same title is m other passages given to the sun, and even also to 
the Milky Way. When the name came to be especially applied to the 
system of zodiacal asterisms, we have seen above that a single one of the 
series, the 5th, was placed under the regeney of the moon, as another, 
the 18th, under that of the sun: this, too, by no means looks ag if the 
whol | design of the system was fo mark the moon's daily mot ions. 
Natural enough, since the moon is the most conspicuous of the nightly 
luminar P , and her revolutions more rapid and far more important than 
hose ol th A the asterisms would practically be brought into much 
nore freq b use in connection with her movements : their number, like- 
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š y: en. artificial relation between thetwo. Hence the Arabs distinctly call 
$ their divisions of the zodiac, and the constellations which mark them, 
_ “houses of the moon,'' and, until the researches of M. Biot, no one, so 
T far as we are aware, had ever questioned that the number of the asterisms 
| OF mansions, wherever found, was derived from and dependent on that of 
the days in the moon's revolution. It was most natural, then, that 
— Western scholars, having first made acquaintance with the Arab system, 
should, on finding the same in Imdia, call it by the same name: nor is 
it very strange, even, that Ideler should have gone a step farther, and 
applied the familiar title of “* lunar stations " to the Chinese sieu also; 
an error for which he is sharply criticised by M. Biot (Journ. d. Sav., 1859, 
p. 480). The latter cites from al-Birüni (Journ. d. Sav., 1845, p. 49; 1859, 
pp. 487-8) two passages derived by him from Varüha-mihira and Brahma- 
_gupta respectively, in which are recorded attempts to establish a systematic 
relation between the asterisms and the moon’s true and mean daily motions. 
One of these passages is exceedingly obseure, and both are irreconcilable 
with one another, and with what we know of the system of asterisms from 
other sources: two conclusions, however, bearing upon the present matter, 
are clearly derivable from them: first, that, as the '' portions '' assigned 
to the asterisms had no natural and fixed limits, it was possible for any 
Hindu system-maker so to define them as to bring them into a connection 
with the moon's daily motions : and secondly, that such a connection was 
never deemed an essential feature of the system, and hence no one form 
of it was generally recognized and accepted. The considerations adduced 
by us above are, we think, fully sufficient to account for any such isolated 
attempts at the establishment of a connection ns al-Birüni, who naturally 
sought to find in the Hindu nakshatras the correlatives of his own manásil 
al-kamar, was able to discover among the works of Hindu astronomers: 
there is no good reason why we should deprive the former of their true 
character, which is that of zodiacal constellations, rudely marking out 
divisions of the ecliptic, and employable for all the purposes for which 
such a division is demanded. x í 
The reason of the variation in the number of the asterisms, which 
are reckoned now as twenty-eight and now ñs twenty-seven, is a point of 
no small difficulty in the history of the system. M. Biot makes the acute 
suggestion that the omission of Abhijit from the series took place because 
the mansion belonging to that asterism was on the point E cai e 
extinguished, the circle of declinntion of its junction-star — ——— f z z 
the precession to n coincidence with that of the jupotion-stet c ^ it VP tent ] 
ing asterism about A.D. 972. But it has been shown above that M. Biot s — 
view of the nature of a nakshatra—that it is, - 
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its '' portion ' from the néighbouring region of the ecliptic. Again, this 
explanation would not account for the early date of the ornission of 
Abhijit, which, as already noticed, is found wanting in one of the most 
ancient lists, that of the Taittiriya-Sanhita. It is to be observed, more- 
over, that M. Biot, in calculating the period of Abhijit's disappearance, 
has adopted + Sagittarii as the junction-star of Uttara-Ashadha, while we 
have shown above that o, and not r, is to be so regarded: and this substi- 
tution would defer until several centuries later the date of coincidence of 
the two circles of declination. According to the Hindu measurements, 
indeed (see the table of positions of the junction-stars, near the beginning 
of this note), Abhijit is farther removed from the preceding asterism, both 
in polar longitude and in right ascension, than are five of the other asterisms 
from their respective predecessors: nor does the Hindu astronomical system 
acknowledge or make allowance for the alteration of position of the circles 
of declination under the influence of the precession: their places, as data 
for the calculation of conjunctions, are ostensibly laid down for all future: 
time. For these various reasons, M. Biot's explanation is to be rejected 
as insufficient. A more satisfactory one, in our opinion, may be found 
in the fact, illustrated above (see Fig. 31, beginning of this note), that the 
asterisms are in general so distributed as to accord quite well with 4 
division of the ecliptic into twenty-seven equal portions, but not with a 
division into twenty-eight equal portions; that the region where they are 
too much crowded together is that from the 20th to the 23rd asterism, 
and that, among those situated in this crowded quarter, Abhijit is farthest 
removed from the ecliptic, and so is more ensily left out than any of the 
others, in dividing the ecliptie into portions. We cannot consider it at 
all doubtful that Abhijit is as originally and. truly a part of the system of 
. .— -. asterisms as any other constellation in the series, which is properly com- 
— osed of twenty-eight members, and not of twenty-seven: the analogy of 
tfe = the other systems, and the fact that treatises like this Siddhanta, which 
E zd reckon only twenty-seven divisions of the ecliptic, are yet obliged, im 
treating of the asterisms as constellations, to regard them as twenty-eight, 
are conclusive upon’ this point. The whole difficulty and source of dis- 
cordance seems to lie in this—how shall there, in any systematic method 
division of the ecliptic, be found a place and a portion for a twenty-eighth 
terism ? The Khanda-Kataka, «s cited by al-Rirüni—in making out, by 

| x o ‘which is altogether irrespective of the actual positions of the 
IR erisms with reference to the zodiac, the accordance already referred to 
thei - portions and the moon's daily motions—allots to Abhijit so 
e ecliptic as is equivalent to the mean motion of the moon 
t of a day by which her revolution exceeds twenty-seven days. 
* ` share in the proper portions of the two neighbouring 
Muhirta-Mala, a late work, of date unknown to us, 
ši of Uttara-Ashàdhå and the first fifteenth of Çı avana 
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together constitute Abhijit: it is so to be accounted when twenty-eight 
asterisms are reckoned; not otherwise. Ordinarily, however, the division 
of the ecliptic into twenty-seven equal '' portions '' is made, and Abhijit 
is simply passed by in their distribution. After the introduction of the 
modern method of dividing the circle into degrees and minutes, this last 
way of settling the difficulty would obviously receive a powerful support, 
and an increased currency, from the fact that a division by twenty-seven 
gave each portion an even number of minutes, 800, while a division by 
twenty-eight yielded the awkward and unmanageable quotient 7712. 

Much yet remains to be done, before the history and use of the system 
of usterisms, as & part of the ancient Hindu astronomy and astrology, shall 
be fully understood. There is in existence an abundant literature, ancient 
and modern, upon the subject, which will doubtless at some time provoke 
laborious investigation, and repay it with interesting results. To us hardly 
any of that literature is accessible, and only the final results of wide- 
extended and long-continued studies upon it could be in place here. We 
have already allotted to the nakshiatras more space than to-some may seem 
advisable: our exeuse must be the interest of the history of the system, as 
part of the ancient history of the rise and spread of astronomical science; 
the importance attaching to the resenrehes of M. Biot, the inadequate 
attention hitherto paid them, and the recent renewal of their discussion 
in the Journal des Savants; and finally and especially, the fact that in and 
with the asterisms is bound up the whole history of Hindu astronomy, prior 
to its transformation under the overpowering influence of western science. 
In the modern astronomy of India, the nakshatras are of subordinate conse- 
quence only, and appear as hardly more than reminiscences of a former 
order of things: from the Süryna-Biddhárta might be struck out every line 
referring to them, without serious alteration of the character of the treatise. 

Before*bringing this note to a close, we present, in the annexed table, 
a comparison of the true longitudes and latitudes of the junction-stars of 
the twenty-cight asterisms, as derived by calculation from the positions 
stated in our text, with the actual longitudes and latitudes of the stars with 
which they are probably to be identified. In a single case (the 27th 
asterism), we compare the longitude of one star and the latitude of another; 
the reason of this is explained above, in connection with the identification 
of the asterism. We add columns giving the errors of the Hindu deter- 
minations of position: in that for the latitude north direction is regarded 
as positive, and south direction as negative. d : 

Upon examining the column of errors of latitude presented in this 
table, it will be seen that they are too considerable, and too irregular, both 
in amount and in direction, to be plausibly accounted for otherwise than as 

direct errors of observation and calculation. The grossest of them, as 
has already been pointed out, are committed in the measurement of southern 
latitudes, when of considerable amount, and they are all in the same 
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Positions, and Errors of Position, of the Junction-Stars of the Asteriama. 
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o" A. D. 560. Latitude. | 
Name, FEE UV T Pe | Star compared. 
Hindu, mme prey Hindu. True. ! Hindu | 
| error. 
Nuper eal a I 
Açvini, 15 sli 57| 9 IL N. | 8 98 N. *0 438 Arietis. 
Bharaņi, 26 54 —2 1911 6 “jiu 17 “j|-0 11/35 Arietis, a Muscw. 
Kritiká, 39 58 —O 80 4 44 “|a 1 “* |*0 43; Tauri, Alcyone- 
Rohipi, 49 45 —1 36| 4 49 S. | 5 30 8. |+0 41a Tauri, Aldebaran: 
- Mrgactraba, 63 40 —2 37,949 “ 8 25 '' | +3 36/4 Orionis. 
rs Ard, 68 49 —2 53 8 63 “ 6 4 ‘* |+7 114 Orionis. 
—*  [Punarvasu, 92 52| 93 14 —0 29 6 ON. | 6 39 N. |—0 398 Gemia., Pollux. 
Part Pusbya, 106 0108 42,-2 421 0 0 o 4 " |-0 448 Cancri. 
+ Aclesb&, 109 59113 20 —2 21| 6 56 S. I1 8 8. |*4 12e Hydra. 
Magh4, 120 0129 49 —0 49/0 0 0 27 N. | —0 27/4 Leonis, Regulus. 
x P.-Phalguni, 139 58|141 16 —1 1711 19 N. |4 19 " |—3 0,5 Leonis. 
JU. Phalguni, 150 10161 37 —1 2712 5 “ 1217 “ —0 146 Leonis 
174 22 173 32% +0 55110 6 8. laa 4l5 Corvi 









Virginis, Spica. 
Bootis, Arcturus. 
ý ah Libra. 

87 *“ |—0 55]8 Scorpionis. 

31 '* +O 41lla Scorp., Antares. 
2 52241 33 — 1 41| 848 '' I 4&4: B 561^ Scorpionis. 

54 30254 39 +o 7| 5 28 “| 40 57/8 Sagittarii. 

960 23262 21|—1 681 469 " | g4 "' E 25 « Sagittarii. 


180 48 183 49—3 1,150 “|: 
183 2154 12 —1 1033 50 N. | 


280 7229 44 +0 23 3 50 


264 10965 15|—1 5/59 58 N. 61 46 N. |-1 49'a Lyrm, Vega. 

x 39281 41|40 4829 54 "' 29 19 cape 35a Aquila, Altair. 
96 5296 19| -0 14|35 33 ''|31 57 "' |3 36 8 Delphini. 

319 50321 33|-1 48| 0 28 8. | 0 23 8. |—0 6A Aquarii. 
95:333 97| «0 58/22 30 N. 19 95 N. +3 5a Pegasi. 
716349 8|—1 529 1 " 3541 "|-! 105 Peg. & a Androm. 
250859 580 0 oo o |O 13 8. |+0 13£ l'iscium. 





ving the star a place too far to the north. The column of 
Sait, on the other hand, shows n very marked preponderance 
— minus errors, their sum being 88° 54' while the sum of plus errors is 
ead (ss — ers taking the difference of these sums, and dividing it by 
i eight, we find the average error of longitude to be 5f9, the greatest 
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i methods of observation employed by the Hindus for this purpose, such a 
determination of date cannot, indeed, be relied upon as exact or conclusive, 
yet it is the best and surest that we can attain. The general conclusion, 
at any rate, stands fast, that the positions of the junction-stars of the 
asterisms were fixed not far from the time when the vernal equinox coincided 
with the initial point of the Hindu sidereal sphere, or during the sixth 
century of our era. 

Since, according to the Hindu theory, the initial point of the sidereal 
sphere is also, for all time, the mean place of the vernal equinox, which 
always reverts to it after a libration of 27° in either direction (see above, 
iii. 9-12), we are not surprised to find the positions of the asterisms primarily 
defined upon the supposition of their coincidence. But it is not à little 
strange that the effect of the precession in altering the direetion of the 
circles of declination drawn through the junction-stars, and so the polar 
longitudes and latitudes of the latter, should be made no account of (see, 
however, the latter half of v. 12, below, and the note upon it), and that 
directions for caleulating the conjunctions of the planets with the asterisms 
according to their positions as thus stated should be given (vv. 14-15), 
unaccompanied by any hint that a modification of the data of the process 
would ever be found necessary. This carelessness is perhaps to be regarded 
as an additional evidence of the small importance attached, after the recon- 
struction of the Hindu astronomy, to calculations in which the asterisms 
were concerned; although it also tends strongly to prove what we have 
suggested above (note to iii. 9-12), that in the construetion of the Hindu 
astronomical system the precession was ignored altogether. It is to be 
noticed that the two systems of yogas (see above, ii. 65, and additional 
note upon that passage), originally founded upon actual conjunctions with. 
the asterisms, have been divorced from any real connection with them. 
A like consideration might restrain us from accepting the determinations of 
position here presented as the best results which Hindu observers and ë 
instruments were capable of attaming; yot, in the absence of other tests — 
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án the nature of the case, unattainable, it would of course be necessary to ! | 
os | of the stars compared. This we have not thought HM worth — 

, to do. We may remark, however, that the janction-star — 
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Eo their powers, we cannot well help drawing the conclusion that the 

aceuracy of a Hindu observation is not to be relied on within a degree or 
two. | | 

— 10. Agastya is at the end of Gemini, and eighty degrees 

— south; and Mrgavyadha is situated in the twentieth degree of — 


1 wa 
g” * = 
| Gemini; 


E 11. His latitude (vikshepa), reckoned from his point of 
3 declination (apakrama), is forty degrees south : Agni (hutabhu]) 
and Brahmahrdaya are in Taurus, the twenty-second degree ; 

: Ay | 19. And they are removed in latitude ( vikshipta), north ward, 


—— eight and thirty degrees respectively. . . . 















the more proper subject of this chapter we also 
and in a subsequent passage (vv. 20-21), the“ 
fixed stars which are not included in the system 
e definition is made in the same manner as before, 
—— by polar longitudes and latitudes. It is not at all difficult to identify the 
. stars referred to in these verses; they were correctly pointed out by 
|... Colebrooke, in his article already cited (As. Res., vol. ix). Agastya is a 

— Navis, or Canopus, ñ star of the first magnitude, and one of the most 
s. * brilliant in the southern heavens. Its remote southern position, only 37° 
“ii . from the pole, renders it invisible to an observer stationed much to the 
= northward of the Tropic of Cancer. Its Hindù name is that of one of the 

r se old Vedic rahis, or inspired sages. The comparison of its true position with 
at assigned it by our text—which, in this instance, does 


— reduced to true longitude and latitude—is as follows : 
, a x LA $ "€ 


y In connection with 

. have laid before us, here 
» defined positions of a few 
. of zodiacal asterisms. Th 


cur not require to be 








Je Agastya .. .90° 0" .. B0 O 6. 
* Canopus +.. 85° 4° s.. 75° 50" S. 


siderable, and the variations ol 
text are correspondingly grea! 
the Brahma- 


Pm 


N | i 

> The error of position is here very con 

2 P the other authorities fromm the data of our 
—X P V > Siddhanta-¢ iromani and (according to Colebrooke) 
7M  Siddhánta give Agastya 87° of polar longitude, and 77° of latitude, which 
- is a fair approxir ation to the truth: the Graha-Laghava also places it 
f Ín lat. 76° 8. but makes its longitude only 80°, which is as gross 
r as hat of the Sürya-Siddhánta, but in the opposite direction. 
anhità agrees precisely with our treatise as respects the 
e four does generally in the numerica] data o: 













Cakalya- 
«sof these four stars, as it 
32 1 r Y í 
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. 946 TW 
} | gt st eis" w M. 4 
haus ^ > > ü x 
* = Mrgavyádha, " deer-hunter '"—it is also called Lubdhaka, '' hunter ''— 
y isa Canis Majoris, or Sirius, the brightest of the fixed stars: 
ux d Mrgavyàdba ... 16" £8" .. 89* 57 B. 
Birius we 885 T7 s. 89" 32'8. 

TO Here, while all authorities agree with the correct determination of the 
— latitude of Sirius presented by our text, the Siddhånta-Ciromaņi ete. 

"greatly reduce its error of longitude, by giving the star 86°, instead of 80°, 
- of polar longitude: the Graha-Lághava reads 81°. 

The star named after the god of fire, Agni, and called in the text by 
one of his frequent epithets, hutabhuj, ` devourer of the sacrifice,” is the 
one which is situated at the extremity of the northern horn of the Bull, 
or B "Tauri: it alone of the four is of the second magnitude only : 


— 






~ 


"X 





d 





coon) M". 5 ae” 44. B, 
B Tauri .. 63° 87 .. 6° 92' N. 

The very gross error in the determination of the longitude of this star 
is but slightly redueed by the Graha-Lághava, which gives it 58°, instead 
of 52^, of polar longitude. The Siddhánta-Ciromani and Brahma-Siddhanta 
omit all notice of any of the fixed stars excepting Canopus and Sirius. 


Brahmahrdaya, ** Brahma's heart," is a Aurigw or Capella : 


Brabimabrdaya .. 60" 99' .. 23" 68 N. 
Capella m 61" 50 .. @2` 62° N. 


The Graha-Lüghawa, leaving this erroneous determination of latitude 
unamended, adds a grent error of longitude, in the opposite direction“ to 
that of our text, by giving the star 4° more of polar longitude. 

We shall present these eornparisons in à tabular form at the end of the 
chapter, in connection with the other passage of sirnilar import. 


12. . . . Having constructed a sphere, one may examine the 
corrected (sphuta) latitude and polar longitude (dhruvaka). 


What is the true meaning and scope of this passage, is a question 
with regard to which there may be some difference of opinion. "The com- 
mentator explains it as intended to satisfy the inquiry whether the polar 
longitudes and latitudes, as stated in the text, are constant, or whether 7 
they are subject to variation. Now although, he says, owing to the pre- 
cession, the values of ihese quantities nre not unalterably fixed, yet they 

i the text as they were nt its period, and as if they were constant, s 
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* 

T representing the colures, the equator, and the ecliptic—and is to suspend 
: upon its poles an additional movable circle, graduated to degrees: this 
i would be, of course, n revolving circle of declination. The sphere is next 

to be adjusted in such manner that its axis shall pent to the pole, and that 
on. its horizon shall be water-level. Then, in the night, the junction-ster 
of Revati (£ Piscium) is to be looked at through n hole in the centre of 
^ the instrument, and the corresponding point of the ecliptic, which is 10 
* east of the end of the constellation Pisces, iw to be brought over it; after 
that, it will be necessary only to bring the revolving cirele of declination, 
ns observed through the hole in the centre of the instrument, over any 
other star of which it is desired to determine the position, and its polar 
longitude and latitude may be read off directly upon the ecliptic and the 


— gmovable circle respectively. 
2. Colebrooke (As. Hes., ix. 820; Essays, ii. 324) found this passage 
"ass similarly explained in other commentaries upon the  Sürya-Siddhánta to 
— — which he had access, and also met with like directions in the commentaries 

— on the Siddhánta-Ciromani. 
EDGE There are, however, very serious objections to such an interpretation 
—— of the brief direction contained in the text. Tt is altogether inconsistent 
with the whole plan and method of a Hindu astronomical treatise to leave, 
and even to order, matters of this character to be determined by observa- 
‘tion. Observation has no such important place assigned to it in the astro- 
nomical system: with the exception of terrestrial longitude and latitude, 
owl | in the nature of things, are beyond the reach of a treatise, it is 
— intended that the astronomer should find in his text-book everything which 
— he needs for the determination of celestial phenomena, and should resort to 
— instruments and observation only by way of illustration. The sphere of 
— which the construction is prescribed in the thirteenth chapter is not an 
|. instrume at for observation: it is expressly stated to be * for the instruction 
hi: of the pupil,” and it is encumbered with such ^ number and variety of 
- different circles, including parallels of declination for all the asterisms and 
d fixed stars, that it could not be used for any other purpose : 
that the commentary is itself obliged to order here 
of the only applinnees—the revolving circle of declination and 
the centre—which make of it an instrument for observa 
original meaning of the passage seems to be that, 
" sphere in the manner to be hereafter described, one 
the asterisms as marked upon it, and note their 
positions of the stars in the heavens. And we 
he other interpret ition ns forced upon the passage by the 
in order to ovoid the difficulty pointed out by us above 
e i of the note on the Inst passage but one) and to free the 
fh | n the impu ation of having neglected the processional vana- 
f P f declir ition. M. Biot pronounces the method of 
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observation explained by the commentators '' almost impracticable,'" and 
it ean, accordingly, hardly be that by which the positions of the asterisms 
were at first laid down, or by which they could be made to undergo the 
necessary corrections. Another method, more in accordance with the rules 
and processes of the third chapter, and which appears to us to be more 
authentic and of higher value, is described by Colebrooke (as above) from 
the Siddhanta-Sarvabhiuma, being there cited from the Siddhánta-Sundara ; 
it is as follows: | 

'" A tube, adapted to the summit of the gnomon, is directed toward 
the star on the meridian: and the line of the tube, pointed to the star, is 
prolonged by a thread to the ground. The line from the summit of the 
gnomon to the base is the hypothenuse; the height of the gnomon is the 
perpendicular; and its distance from the extremity of the thread is the 
base of the triangle. ‘Therefore, as the hypothenuse is to its base, so is 
the radius to a base, from which the sine of the angle, and consequently 
the angle itself, are known. If it exceed the latitude [of the place of 
observation], the declination is south; or, if the contrary, it is north. The 
right ascension of the star is calculated from the hour of night, and from 
the right ascension of the sun for that time. ‘The declination of the corre- 
sponding point of the ecliptic being found, the sum or difference of the 
declinations, according as they are of the same or » different denominations, 
is the distance of the star from the ecliptic. The longitude of the same 
point is computed; and from these elements, with the actual precession 
of the equinox, may be calculated the true longitude of the star; as also 
its latitude on a cirele passing through the poles of the ecliptic.” 

The Siddhánta-Sarvabháuma also gives the true longitudes and lati- 
tudes of the asterisms, professedly as tnus obtained by observation and 
calculation, and they are reported by Colebrooke in his general table of data 
respecting the asterisms. 

If we are not mistaken, the amount and character of the errors in the 
stated latitudes of the asterisms tend to prove that this, or some kindred 
process, was that by which their positions were actually determined. 


13. In Taurus, the seventeenth degree, a planet of which 
the latitude is a little more than two degrees, south, will split the 
wain of Rohini. 


The asterism Rohini, as has been seen above, is composed of the five 
principal stars in the head of Taurus, in the constellation of which is seen 
the figure of a wain. The divinity is Prajapati. The distances Of its stars 
in longitude from the initial point of the sphere vary trom 45° 46 (y) to 
49° 45' (a): hepee the seventeenth degree of the second sign—the AER. 
commencing at the initial point of the sphere, taken as coinciding also w 
the vernal equinox—is very nearly the middle of the wain, The latitude of 


* 
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its stars, again, varies from 2° 3⁄ (e) to 5° 47! (6, S.; hence, to come into 
collision with, or to enter, the wain, a planet must have more than two 
degrees of south latitude. The Siddhàánta does not inform us what would 
be the consequences of such an occurrence; that belongs rather to the 
domain of astrology than of astronomy. We cite from the Paficatantra 
(vv. 288.241) the following description of these consequences, derived from 
the astrological writings of Varaha-mihira : * 

* When Saturn splits the wain of Rohini here in the world, then 
Madhava rains not upon the earth for twelve years. 

* When the wain of Prajapati's asterism is split, the earth, hoving 
as it were committed a sin, performs, in à manner, her surface being strewn 
with ashes and bones, the kápálika penance. 

‘Tf Saturn, Mars, or the descending node splits the wain of Rohini, 
why need I say that, in a sea of misfortune, destruction befalls the w.rld? 

‘“\When the moon is stationed in the midst of Rohini’s wain, then 
men wander recklessly about, deprived of shelter, eating the cooked flesh 
of children, drinking water from vessels burnt by the sun.” 

Upon what conception this curious feature of the ancient Hindu 
astrology is founded, we are entirely ignorant. 


14. Calculate, as in the case of the planets, the day and 
night of the asterisms, and perform the operation for apparent. 
longitude (drkkarman), as before : tbe rest is by the rules for the 
conjunction (melaka) of planets, using the daily motion of the 
planet as a divisor : the same is the case as regards the time. 


15. When the longitude of the planet is less than the polar 
longicude (dhruvaka) of the asterism, the conjunction (yog) is to 
come; when greater, it is past: when the planet 1s retrograding 
(rakragati), the contrary 15 to be recognized as true of the con- 
junction (samágama). 


The rules given in the preceding chapter for calculating the conjunc- 

tion of two planets with one another apply, of course, with certain modih- 

| cations, to the calculation of the conjunctions of the planets with the 
v. nsterisms, The text, however, omits to specify the most important of these 
JJ modifientions—that, namely, in determining the apparent longitude of an 


* Qur translation representa the verses as amended in their readings by Benfey 
(Pantachatantra etc., 9r Theil, nn. 294-297). In the third of the verses, however, the 
^ am reading of the published text, cai, `° moon," would seem decidedly preferable to cikhi. 

bor. E descending node; since the node, being always necessarily im the ecliptic, can never 


mo — into collision with Robigt's wain- 
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asterism, one part of the process prescribed in the case of a planet, the 
ayanadrkkarman, or correction for ecliptic deviation, is to be omitted al. 
together; since the polar longitudo of the asterism, which is given, corres. 
* ponds in character with the dyana graha, or longitude of the planet ns 


affected by ecliptic deviation, which must be ascertamed by the ayanadrkkar. 
man. The commentary notices the omission, but offers neither explana. 
tion nor excuse for it. The other essential modification—that, the asterism 
being fixed, the motion of the planet alone is to be used as divisor 


in 
determining the place and time of the conjunction—is duly noticed. 
The inaccuracies in the Hindu process for determining apparent 


longitudes, which, as above noticed, are kept within bounds, where the 
planets alone are concerned, by the small amount of their latitudes, would 


be liable in the case of many of the asterisms to lead to grave errors of 
result 


16. Of the two Phalgunis, the two Bhadrapadas, and like- 
wise the two Ashádhás, of Vicikha, Acvini, and Mrgacirsha 
(sdumya), the junction-star (yogatárá) is stated to be the northern 
(uttara) : 


17. That which is the western northern star, being the 
second situated westward, that is the junction-star of Hasta; of 
Cravishthà it is the western : 


18. Of Jyeshtha, Cravana, Anurádhàá (maitra), and Pushya 
(bárhaspatya), it is the middle star : of Bharani, Krttika (dqneya), 
and Magha (pitrya), and likewise of Revati, it is the southern : 


19. Of Rohini, Punarvasu (dditya), and Mila, it is the 
eastern, and so also of Aclesha (sárpa) : in the case of each of the 
others, the junction-star (yogatdrakd) is the great (sthüla) one. 


We have had occasion above, in treating of the identification of the 
asterisms, to question the accuracy of some of these designations of the 
relative position of the junetion-stars in the groups containing them. We 
do not regard the passage as having the same authenticity and authority 
with that in which the determinations of the polar longitudes and latitudes 
ure given; and indeed, we are inclined to suspect that all which follows the 
fifteenth verse in the chapter may be a later addition to its original content. 
I: is difficult to see otherwise why the statements given in verses 20 and 
21 of the positions of certain stars should be separated from those presented 
above, in verses 10-12. A designation of the relative position of the 
junction-star in each group ought also properly to be connected with a- 
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definition of the number of stars composing each, and a description of its 
configuration—such as are presented along with it by other treatises, as 
the Cakalya-Sanhita. The first is even in some points ambiguous unless 
accompanied by the others, since there are cases in which the same star 
has a different position in its asterism according as the latter is to be 
regarded as including a less or a greater number of stars. In this respect 
also, then, the passage looks like a disconnected fragment. Nor is the 
method of designation so clear and systematic as to inspire us with con- 
fidence in its accuracy. Upon n consideration of the whole series of 
asterisms, it is obvious that the brightest member of each group is generally 
selected as its junction-star. Hence we should expect to find a general rule 
to that effect laid down, and then the exceptions to it specially noted, 
together with the cases in which such a designation would be equivocal. 
Instead of this, we have the junction-stars of only two asterisms containing 
more than one star, namely Abhijit and Ç atabhisha], described by their 
superior brilliancy, while that of the former is nož less capable of being 
pointed out by its position than are any of the others in the series. Again, 
there are cases in which it is questionable which star is meant to be pointed 
out in a group of which the constitution is not doubtful, owing to the very 
near correspondence of more than one star with the position as defined. 
And once more, where, in a single instance, a special effort has apparently 
been made to fix the position of the junetion-star beyond all doubt or 
cavil, the result is a failure; for it still remains a matter of dispute how 
the description is to be understood, and which member of the group is 
intended. ‘The case referred to is that of Hasta, which occupies nearly 
all of verse 17. ‘That Colebrooke was not satisfied as to the meaning of the 
description is clear from the fact that he specifies, as the star referred to, 
'". or 6 Corvi.” His translation of the verse, ““ 2nd W. of Ist N. W.," 
conveys to us no intelligible meaning whatever, as applied to the actual 
group. He evidently understood pagcimottaratáráyá as a single word, 
standing by euphony for tdrdyas, ablative of -tárá. Our own rendering 
supposes it divided into the two independent words pagcimottaratárá yd, 
cr the three pagcimd uttaratérd yü. This interpretation is, in the first 
piace, supported by the corresponding passage in the Cákalya-Sanh:tá, 
which reads, '' of Hasta, the north-western (váyavi): `t is also the second 
western." Again, it applies without difñculty to one of the stars in the 
group, namely to y, which we think most likely to be the one pointed out— 
, because either of the others would admit of being more simply 
and briefly designated, 5 as the northern, ñ as the eastern, a as the southern, 
and e as the western star. We should, then, regard the description üs un- 
ambiguous, were it not for what is farther added, '' being the second 
situated westward;' for y i» the first or most westerly of the five in longi- 
tude, and the third in right ascension, while the second in longitude and 
im wight ascension respectively ure the two faint stars « and a. We confess 





— | I 






at we do not see how the difficulty is to be solved without some emendu. 
E- eed the text. 


de e oe. We conceive —— to be justified, then, in regarding this passage 
COE oF as of doubtful authenticity and inferior authority : as already partaking, 
URET in short, of that ignorance and carelessness which has rendered the Hindu 


| astronomers unable, at any time during the past thousand years, to point 
out in the heavens the complete series of the groups of stars composing 
their system of asterisms. None of the other authorities accessible to us 
gives a description of the relative places of the junction-stars, excepting 
the Cakalya-Sanhita, and our manuscript of its text is so defective and 
corrupt at this point that we are able to derive from it with confidence the 
positions of only about a third of the stars. So far, it accords with the 
Sürya-Siddhànta, save that it points out as the junction-star of  Pürva- 
 Asháüdhà the brightest, instead of the northernmost, member of the group; 

and here there is a difference in the mode of designation only, and not a 
disagreement as regards the star designated. 





| 20. Situated five degrees eastward from Brahmahrdaya is 
2 Prajápati: it is at the end of Taurus, and thirty-eight degrees 
north. | 


21. Apamvatsa is five degrees north from Citra : somewhat 
greater than it, as also six degrees to the north of it, is Apas. 


The three stars whose positions sre defined in this passage are not 
mentioned in the Cakalya-Sanhita, nor in the Siddhàántad?iromani and 
(according to Colebrooke) the Brahma-Siddhanta; only the latter of them, 
Apas, is omitted by the Graha-Lüghava, being noticed in the Sdrya- 
Siddhanta alone. It may fairly be questioned, for the reason remarked 
above, whether the original text of our treatise itself contained the last 
two verses of this chapter: moreover, at the end of the next chapter (ix. 18), 
where those stars are spoken of which never set heliacally, on account of 
their high northern situation, Prajápati is not mentioned among therm, as 
it ought to be, if its position had been previously. stated in the treatise, 
Still farther on (xiii. 9), in the description. ot i the armillary sphere, jt is 
referred to by the name of Brahma, which, to the commentary — — 
on this passage, and to Colebrooke, -it also customarily bears. POI M " 
another evidence of the unauthenticity of the passage is to be seen in the —— 
fact that the two definitions of the polar longitode of Prajápati do not, if. 

-~ taken in connection with verse 3⁄4. appear to. agree with one another: a Y. 
star which is 5° east from the ‘position of Brahme sya, | 36 thiore. hated, oo 
às not Á: at the end of Taurus,’ "but. at —— 
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—- 1 i 
E e which defines the positions of all these stars directly, by degrees of polar 
—— longitude and latitude, and not by reference either to the signs or to other 
— stars, gives Prajapati 61° of polar longitude, or 5^ more than it assigned 
to Brahmahrdaya : it also adds 1° to the polar latitude as stated in our 
~ text. The star referred to can hardly be any other than that in the head 


of the Wagoner, or 6 Auriga (4): 


Prajapati ES Ü t ... 86° 49 N. 
x B Auriga .. 69" 64 „i 80° 49 N. 
: — 'The error of latitude is about the same with that which was committed 
—— with reference to Brahmahrdaya, or Capella. Why so faint and incon- 
—— 8picuous n star should be found among the few of which the Hindu astrono- 
h... > mers have taken particular notice is not easy to discover. 
| | — - The position of the star named Apámvaten, '' Waters’ Child," is 
— _ described in our text by reference to Citrá, or Spica Virginis: it is said to 
Er be in the same longitude, 180", and 6° farther north; and this, since Citrñ 
- | itself is in lat. 2^ S., would make the latitude of Apámvatsa 3° N. The 
inc Graha-Laghava gives it this latitude directly, and also makes its longitude 
|. mngree with that of Spica, which, as already noticed, it places at the distance 
— of 183° from the origin of the sphere. Apas, '' Waters '' (the commentary, ^ 
+ J however, treats the word as a singular maseuline, Apa), is put 6° north of 
| — Apámwntsa, or in lat. 9° N. Tt is identified by Colebrooke with 6 Virginis 
T (8). and doubtless correctly : — | 
Daar . è | 


e 


m. 


7” - 


Ig 4 233! 


, * } De b .. Apas ... 176° 23' ... 5* 15* N 
AL 5 Virginis 291^. d 4. 8° 38 N. 


— .— o Colebrooke pronounces Apümvatsn to comprise '' the nebulous stars 
Ñ ‘ee - ' - - 


. b 


E. S marked d-b 1, 2, 8 ' in Virgo. W^ can find, however, no such stars upon 
Bn CL ible to us, and hence presume that 


any map, or in any catalogue, access 
— Colebrooke must have been misled here bv some 
Mam which he relied. There is, on the other hand, a star, @ Virginis (4), situated 
Agr | directly "between Spica and à, and at such a distance from each as shows 


error of the authority on 
















— almost beyond question that it is the star intended : 
a, LE vit ea. Apfqivstee "hey .. 178° 48' 2. 9 U* 45 N. 
Nor irginie MONET X79* 19 — 71^ 48 N. 


less difficult in this than in the former case to account for the 


these stars, among the hundreds equalling or excelling therm in 
AC as objects of special attention to the astronomical observers of 
In | Perhaps we have here only the scattered and disconnected 
mor complete and shapely system of stellar astronomy, 
adia before the scientific reconstruction of the Hindu 
rred the field of labor of the astronomer from the skies 


‘aud his tables of calculation. 
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The annexed table gives a comparative view of the positions of the 
seven stars spoken of in this aud a preceding passage (vv. 10-12) as defined 


. by our text and as determined by modern observers: 


Positions of certain Fixed Stars. 











Hindu Position : 


Name. 





| 
True position : | 





pol. ul pol. lat, | long, | lat. | 


— — — — — — — — — 





long, | lat, 


= EU 
I | 





sos oc — — 
Il 


° 9 , Uv “ > , 


Agastya, | 90 0 os. "0 O 80 O 8. 85 4 

Mrgavyadha, | 80 0 HO OS.) 76 23 39 52 3. 84 7 89 32 B.|« Canis Maj, Sirius. 
I 

Agni, 52 0/8 ON. G 5 | 744 N.| 62 82 | 5 92 N.J8 Tauri. 


Brahmabrdaya, 52 O ON. Go 29 sean. 


o , 


75 50 2i 8 Argüs, Canopus. 





| 61 50 92 52 N.la Auriga, Capella. 





Prajapati, 57 O 38 ON, 67 11 36 49 N.| 69 54 |30 49 N.|3 Auriga. | 
| | | | 

lAp&mvates, (180 0/3 O0 N.| 178 48 | 9 45 N.| 178 12 | 1 45 N. Virginis. | 
' l l | 

Apas, 180 0 9 0 N. 176 23 | 8 15 N. 171 28 | 8 38 N.š Virginis. 

| f I | | 

















The gross errors in the determinations of position of these stars give 
us a yet lower idea of the character of Hindu observations than we derived 
from our examination of the junction-stars of the asterisms. 

The essay of Colebrooke in the ninth volume of the Asiatic Researches, 

to which we have already so often referred, gives farther information of 
much interest respecting such matters connected with the Hindu astronomy 
of the fixed stars as are passed without notice in our treatise, He states 
the rules laid down by different authorities for calculating the time of 
heliacal rising of Agastya, or Canopus, upon which depends the performance 
of certain religious ceremonies. He also presents a view of the Hindu 
doctrine of the Seven Sages, or rshis, by which name are known the bright 
stars in Ursa Major forming the well-known constellation of the Wain, or 
Dipper. To these stars the ancient astronomers of India, and many of the 
modern upon their authority, have attributed an independent motion about 
the pole of the heavens, at the rate of 8’ yearly, or of a complete revolu- 
tion in 2700 years. ‘The Süryá-Siddhánta alludes in a later passage (xin. 9) 
to the Seven Sages, but it evidently is to be understood as rejecting the 
theory of their proper motion, which is also ignored by the Siddhauta- 
Qwomapi. That so absurd a dogma should have originated and gained a 
general currency in India, and that it should still maintain itself in many 
of the astronomical text-books, is, however, too striking and significant n 
circumstance to be left out of sight in estimating the character of tho 
ancient and native Hindu astronomy. 





CHAPTER IX. 


Or Heviacat RISINGS AND SETTINGS. 


CowTENTS :—1, subject of the chapter; 2-3, under what circumstances, and at which 
horizon, the planets rise and set heliacally; 4-5, method of calculating their dis- 
tances in oblique ascension from the sun; 6-9, distances from the sun at which 
^X they disappear and re-appear ; 10-11, how to find the time of heliacal setting or 

rising, past or to come; 12-15, distances from the sun st which the asteriams and 
| fixed stars disappear and re-appear; 16-17. mode of determining their times of 
P rising and setting; 18, what asterisins and stars never set heliacally. 


un. 1. Now is set forth the knowledge of the risings (udaya) and 
| settings (astamaya) of the heavenly bodies of inferior brilliancy, 
whose orbs are overwhelmed by the rays of the sun. 





The terms used for the heliacal settings and risings of the heavenly 
bodies, or their disappearance in the sun's neighbourhood and their return 
1 to visibility, are precisely the same with those employed to denote their 
^ ff. - rising (udaya) and setting (asfa, astamaya, astamána) above and below 
the horizon. The title of the chapter, udaydstddhikdra, is literally trans- 


lated in our heading. 


2. Jupiter, Mars, and Saturn, when their longitude 1s 

reater than that of the sun, go to their setting in the west ; when 

it is less, to their rising in the east : so likewise Venus and Mercury, 
when retrograding. 


Et | 3. The moon, Mercury, and Venus, having a swifter motion, 
go to their setting in the east when of less longitude than the sun ; 
-~ ~ when of greater, to their rising in the west. 


Je — These specifications are of obvious meaning and evident correctness 
— The planets which have a slower motion than the sun, and so are overtaken 
yy him, make their last appearance in the west, after sunset, and emerge 
again into visibility in the east, before sunrise: of those which move more 
— rapidly than the sun, the eontrary is true: Venus and Mercury belong to 
x either class, according as their apparent motion is retrograde or direct. 


4. Caleulate the longitudes of the sun and of the planet—in 


Í he west, for the time of sunset; in the east, for that of sunrise— 
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E 29. | Then the ascensional equivalent, in respirations, of the 

interval between the two (lagndntaraprands) will give, when 
divided by sixty, the degrees of time (Kálángás) ; or, in the west, 

M the ascensional equivalent, in respirations, of the interval between 
the two when increased each by six signs. 


Whether a planet will or will not be visible in the west after sunset, 
or in the east before sunrise, is in this treatise made to depend solely upon 
the interval of time by, which its setting follows, or its rising precedes, that” ` 
of the sun, or upon its distance from the sun in oblique ascension; to the 

. neglect of those other circurnmstances—as the declination of the two bodies, 
and the distance and direction of the planet from the ecliptic—which 
variously modify the limit of visibility as thus defined. The ascertainment 
of the distance in oblique ascension, then, is the object of the rules given . 
in these verses. In explaining th* method of the process, we will consider 
first the ease of a calculation made for the eastern horizon. The time of 
sunrise having been determined, the true longitudes and rates of motion 
of the sun and the planet in question are found for that moment, as also 
the latitude of the planet. Owing to the latter's removal in latitude from 
the ecliptic, it will not pass the horizon at the same moment with the . 
point of the ecliptic which determines its longitude, and the point with 
which it does actually rise must be found by a separate process. This is 
accomplished by calculating the apparent longitude of the planet, according 
to the method taught in the seventh chapter. There is nothing in the 
language of the text which indicates that the calculation is not to be made 
m full, as there prescribed, and for the given moment of sunrise: ns so 
conducted, however, it would evidently yield an erroneous result; for, the 
planet being above the horizon, the point of the ecliptic to which it is then 
* referred by a circle through the north and south points of the horizon 18 
not the ene to which it was referred by the horizon itself at the moment 
— ef its own rising. The commentary removes this difficulty, by specifying 
that the akshadrkkarman, or that part of the process which gives the 
— correction for latitude, is to be performed ** only es taught in the first half- 
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equator (see above, i, 11-12); they are reduced to degrees by dividing by 
sixty: and the degrees thus found receive the technical name of “* time- 
degrees '" (kálángás, kálabhágás); they are also called below '' degrees of 
setting '' (astáncás), and '' degrees of visibility ” drgyáncás). 

If the planet for which the calculation is made has greater longitude 
than the sun, the process, being adapted to the time of sunset, and to the 
western horizon, requires a slight modification, owing to the fact that the 
equivalents of the signs in oblique ascension (iii. 42-45) are given only 
as measured at the eastern horizon. Since 180 degrees of the ecliptic are 
always above the horizon, any given point of the ecliptic will set at the 

" same moment that another 180^ distant from «t rises; by adding, then, 
six signs to the calculated positions of the sun and the planet, and ascer- 
taining, by iii. 50, the ascensional difference of the two points so found, 
the interval between the setting of the sun and that of the planet will be 
determined. 

Before going on to explain how, from the result thus obtained, the 
time of the planet's disappearance or re-appearance may be derived, the 
text defines the distances from the sun, in oblique ascension or '' degrees 
of time,” at which each planet is visible. 


6. The degrees of setting (astáncás) are, for Jupiter eleven ; 
for Saturn, fifteen ; for Mars, moreover, they are seventeen : 


7. Of Venus, the setting in the west and the rising 1n the 
east take place, by reason of her greatness, at eight degrees ; the 
setting in the east and the rising in the west occur, owing to her 
inferior size, at ten degrees : 


















- .8. Soalso Mercury makes his setting and rising at a distance 
from the sun of twelve or fourteen degrees, according as he is 
retrograding or rapidly advancing. 

9. At distances, in degrees of time (kdlabhdgas), greater 
— than these, the planets become visible to men ; at less distances 
they become invisible, their forms being swallowed up (grasta) 
—— by the brightness of the sun. 
NO ad E "The moon, it will be noticed, is omitted here; her heliacal rising and 
\ setting are treated of at the beginning of the next following chapter. 
In the case of Mercury and Venus, the limit of visibility is at n greater 
ss distance from the sun according as the planet is approaching its 
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and then make also the calculation of apparent longitude (drkkar- 
man) of the planet. i 


5. Then the ascensional equivalent, in respirations, of the 
interval between the two (lagnántarapránás) will give, when | 
divided by sixty, the degrees of time (kálámçás); or, in the west, | 
the ascensional equivalent, in respirations, of the interval between 
the two when increased each by six signs. 


Whether a planet will or will not be visible in the west after sunset, 
or in the east before sunrise, is in this treatise made to depend solely upon 
the interval of time by, which its setting follows, or its rising precedes, that ” ` 
of the sun, or upon its distanee from the sun in oblique ascension; to the 
neglect of those other c'reumstances—as the declination of the two bodies, 
and the distance and direction of the planet from the ecliptic—which 
variously modify the limit of visibility as thus defined. "The ascertainment h 
of the distance in oblique ascension, then, is the object of the rules given ,  - 
in these verses. In explaining th- method of the process, we will consider 
fret the ease of a calculation made for the eastern horizon. The time of 
sunrise having been determined, the true longitudes and rates of motion 
of the sun and the planet in question are found for that moment, as also 
the latitude of the planet. Owing to the latter’s removal in latitude from ] 
the ecliptie, it will not pass the horizon nt the same moment with the. i 
point of the ecliptic which determines its longitude, and the point with | 
which it does actually rise must be found by a separate process. This is 


accomplished by calculating the app»rent longitude of the planet, according d 
to the method taught in the seyenth chapter. There is nothing in the 3 
language of the text which indicates that the calculation is not to be made 3 

L 


in full as there prescribed, and for the given moment of sunrise: ñs $O 
conducted, however, it would evidently vield an erroneous result; for, the 
planet being above the horizon, the point of the ecliptic to which it is then 
referred by a circle through the north and south points of the horizon is 
not the one to which it was referred by the horizon itself at the moment | 
cf ita own rising. The commentary removes this difficulty, by specifying — — 
that the akshadrkkarman, or that part of the process which gives the 
correction for latitude, is to be performed ** only 25 taught in the first half- 
" that is, according to the former part of vii, 8, which contains the 
amount of the correction at the horizon—omitting 
the after process, by which its value is made to correspond to the altitude 
of the planet at the given time. Having thus ascertained the points of 
the ecliptic which rise with the sun and with the planet respectively, the 
corresponding equatorial interval, or the distance of the planets in oblique 
ascension, is found by a rule already given (iii. 50). The result is expressed 
in respirations of sidereal time, which are equivalent to minutes of the 
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~ equator (see above, i. 11-12); they are reduced to degrees by dividing by 
- * sixty : and the degrees thus found receive the technical name of '' time- 
| degrees '" (kálángás, kálabhágás); they are also called below '' degrees of 
= setting '" (astdngds), and ' degrees of visibility '' drçyámnçás). 
TWO If the planet for which the ealculation is made has greater longitude 
; f han the sun, the process, being adapted to the time of sunset, and to the 
j western horizon, requires a slight modification, owing to the faet that the 
oe | equivalents of the signs in oblique ascension (iii. 42-45) are given only 
—— as measured at the eastern horizon. Since 180 degrees of the ecliptic are 
|. always above the horizon, any given point of the ecliptic will set at the 
í . same moment that another 180° distant from it rises; by adding, then, 
— sıx signs to the calculated positions of the sun and the planet, and ascer- 
1 ining, by iii. 50, the ascensional difference of the two points so found, 


ie interval between the setting of the sun and that of the planet will be 
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. Ptolemy trents, in ‘Ge last three shapes (sii. 7-9) of his work, of 
the disappearance and re-appearance of the planets in the neighbourhood 
“of the sun, and defines the limits of visibility of each planet when in the 
sign Cancer, or where the equator and ecliptic are nearly parallel. His 
c1 limits are considerably different from those defined in our text, being, for 
— — ë Saturn, 14°; for Jupiter, 12° 45'; for Mars,14? 30'; for Venus and Mercury, 
| in the west, 5° 40’ and 11° 80 respectively. 


q p 


10. The difference, in minutes, between the numbers thus 
stated and the planet’s degrees of time (kálámçás), when divided 
by the difference of daily motions—or, if the planet be retr ograding, 

— by the sum of daily motions—gives a result which is the time, in 
days, etc. 


11. The daily motions, multiplied by the corresponding as- 
censional equivalents (tallagndsavas), and divided by eighteen 
hundred, give the daily motions in time (kdlagati) ; by means of 
these is found the distance, in days etc., of the time past or to 
come. 


Of these two verses, the second prescribes so essential a modification 
of the process taught in the first, that their arrangement might have been 
more properly reversed. If we have ascertained, by the previous rules, the 
distance of a planet in oblique ascension from ihe sun, and if we know 
the distance in oblique ascension at which it will disappear or re-appear, 
the interval between the given moment and that at which disappearance 
or re-appearance will take place may be readily found by dividing by the 
rate of approach or separation of the two bodies the difference between 
their actual distance and that of apparition and disparition: but the divisor 
must, of course, be the rate of approach in oblique ascension, and not in 
longitude. The former is derived from the latter by the following propor- 
tion: as a sign of the ecliptic, or 1800', is to its equivalent in oblique as- 
cension, as found by iii. 42-45, so is the are of the ecliptic traversed b — 
each planet in a day to the equstorial equivalent of that arc. The daily 
rates of motion in oblique ascension thus ascertained are styled the '' time: 
motions "’ (kálagati), as being commensurate with the “* time- degrees '' 
(káláncás). 
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14. Krttika, Anuradha (maitra), and Mila, and likewise 
Acleshaé and Ardrà (ráudrarksha), are seen at fifteen degrees; so, 
too, the pair of Ashadhas. | 


15. ` Bharani, Pushya, and Mrgacirsha, owing to their faint- 
ness, are seen at twenty-one degrees; the rest of the asterisms 
become visible and invisible at seventeen degrees. 


| These are specifications of the distances from the sun in oblique 
ascension (kálámçás) at which the asterisms, and those other of the fixed 
stars whose positions were defined in the preceding chapter, make their 
"T heliacal risings and settings. The asterisms we are doubtless to regard as 
ue represented by their junction-stars (yogatárá). The classification here made 
~. Of the stars in question, according to their comparative magnitude and. 
33 brilliancy, is in many points a very strange and unaccountable one, and by 
T | no means calculated to give us a high idea of the intelligence and care of 
* those by whom it was drawn up. The first class, comprising such as are 
i visible at a distance of 13° from the sun, is, indeed, almost wholly composed 
TIE stars of the first magnitude; ona only, Punarvasu (8 Geminorum), being 
x of the first to second, and having for its fellow one of the first (a Geminorum). 
-But the second class, that of the stars visible at 14°, also contains four 
—  . which are of the first magnitude, or the first to second; namely, Aldebaran 
(Rohini), Regulus (Maghà), Deneb or 8 Leonis (Uttara-Phalguni), and 
Ë+ P Atair or a Aquilæ (Qravana) ; and, along with these one of the second to 
| = third magnitude, 8 Leonis (Pürva-Phalguni), three of the third, and one, 
— 4 Libre (Viçàkhà), of the fourth. In this last case, however, it might be 
| possible to regard a Libre, of the second magnitude, as the star which is 
| made to determine the visibility of the asterism. Among the stars of the 
— third class, again, which are visible at 15°, is one, a Orionis (Ardráà), which, 
fus though a variable star, does not fall below the first to second magnitude; 
re while with it are found ranked six stars of the tbird magnitude, or of the 
third to fourth. The class of those which are visible at 17°, and which are 
contains two stars of the fourth magnitude, but also two 
"of which, a Andromede or y Pegasi (Uttara-Bhádrapadà), 
among those which are never obscured by the 
The stars forming the class which are not 
un are all of the fovrth magnitude, but they 
inctly visible than two of those in the preceding class; and 
js x so, since it contains a star of the third 
wh bove) to be regarded as its junction-star. 
‘Brahma, Apámvatsa, and Apas are not specially mentioned, 
ume that they all belong in the class of those visible at 17°, 
ated by the commentator: tho first of them (8 Tauri) is 
ea ed | 
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a star of the second magnitude; for the rest, see the last note to the 
preceding chapter. 

Some of the apparent anomalies of this class'fication are mitigated or 
removed by making due allowance for the various circumstances by which, 
apart from its absolute brilliancy, the visibility of a star in the sun's neigh- 
bourhood is favoured or the contrary—such as its distance and direction 
from the equator and ecliptic, and the part of the ecliptic in which the sun 
is situated during its disappearance. Many of them, however, do not admit 
of such explanation, and we cannot avoid regarding the whole scheme of 
classification as one not founded on careful and long-continued observation, 
but hastily and roughly drawn up in the beginning, and perhaps corrupted 
later by unintelligent imitators and copyists. 


16. The degrees of visibility (drçyámçás), if multiplied by 
eighteen hundred and divided by the corresponding ascensional 
equivalent (udayásavas), give, as a result, the corresponding 
degrees on the ecliptic (Kkshetrángás) ; by means of them, likewise, 
the time of visibility and of invisibility may be ascertained. 


This verse belongs, in the natural order of sequence, not after the 
passage next preceding, with which it has no special eonnection, but after 
verse 11. Instead of reducing, as taught in that verse, the motions upon 
the ecliptic to motions in oblique ascension, the “degrees of time 
(káláncás) may themselves be reduced to their equivalent upon the corres- 
ponding part of the ecliptic, and then the time of disappearance or of re- 
appearance calculated as before, using as a divisor the sum or difference of 
daily motions along the ecliptic. The proportion by which the reduction is 
made is the converse of that before given; namely, as the ascensional 
equivalent of the sign in which are the sun and the planet is to that sign 
itself, or 1800’, so are the '' degrees of visibility '' (drgyadngds, or kâlânçås) 
of the planet to the equivalent distance upon that part of the ecliptic in 
which it is then situated. The technical name given to the result of the 
proportion is kshetrángüs: kshetra is literally '' field, territory, ' and the 
meaning of the compound may be thus paraphrased: '* the limit of visibility, 
m degrees, moasured upon that part of the ecliptic which is, at the time, 
the territory occupied by the planets im question, or their proper sphere.” 
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iv. Their rising takes place in the east, and their setting 15 

the west; the calculation of their apparent longitude (drkkarman) 
is to be made according to previous rules ; the ascertainment ol 


the time, in days etc., is always by the daily motion of the sun 
alone. 






does not. 
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This verse should follow immediately after verse 15, to which it 
attaches itself in the closest manner. The dislocation of arrangement in 
the latter part of this chapter is quite striking, and is calculated to suggest 
a suspicion of interpolations. 

The directions given in the verse require no explanation: they are just 
such an adaptation of the processes already prescribed to the case of the 
fixed stars as that made in verse 14 of the last chapter. The commentary 
points out again that the calculation of the correction for latitude (akshadrk- 
karman) is to be made only for the horizon, or as stated in the first half- 
verse of the rule. 


18. Abhijit, Brahmahrdaya, Svati, Cravana (vdtshnava), 
Cravishtha (vdsava), and Uttara-Bhádrapada (ahirbudhnya), 
owing to their northern situation, are not extinguished by the 
sun's rays. 


It may seem that it would have been a mere orderly proceeding to 
omit the stars here mentioned from the specifications of verses 12-15 above; 
but there is, at least, no inconsistency or inaccuracy in the double statement 
of the text, since some of the stars may never attain that distance in oblique 
ascension from the sun which is there pointed out as their limit of visibility. 
We have not thought it worth the trouble to go through with the calcula- 
tions, and ascertain whether, according to the data and methods of this 
treatise, these six stars, and these alone, of those which the treatise notices, 
would never become invisible at Ujjayini. It is evident, however, as has 
already been noticed above (viii. 20-21), that the star called Brahma or 
Prajapati (ë Aurigw) is not here tuken into account, since it is 8° north of 
Brahmahrdaya, and consequently cannot, become inyisible where the latter 





CHAPTER X. ` 


Or THE MooN's RISING AND SETTING, AND OF THE ELEVATION 
oF HER Cusrs. 


CowTENTS :—1, of the heliacal rising and setting of the moon; 2-5, how to find the 
interval from sunset to the setting or rising of the moon; 6-8, method of deter- 
mining the moon's relative altitude and distance from the sun at sunset; 9, to as- 
certain the measure of the illuminated part of her disk; 10-14, method of delin- 


eating the moon'a appearance at sunset; 15, how to make the same calculation 
and delineation for sunrise. 


1. The calculation of the heliacal rising (udaya) and setting 
(asta) of the moon, too, is to be made by the rules already given. 
At twelve degrees’ distance from the sun she becomes visible in 
the west, or invisible in the east. 


In determining the time of the moon's disappearance in the neighbour- 
hood of the sun, or of her emergence into visibility again beyond the sphere 
^f his rays, no new rules are required; the same methods being employed as 
were made use of in ascertaining the time of heliacal setting and rising of 
the other planets: they were stated in the preceding chapter. The definition 
of the moon's limit of visibility would have been equally in order in the 
cther chapter, but is deferred to this in order that the several processes in 
which the moon is concerned may be brought together. The title of the 
chapter, crngonnatyadhikára, '' chapter of the elevation of the moon's 
cusps '' çrnga, literally “° horn '), properly applied only to that part of it 
which follows the fifth versa. 

The degrees spoken of in this verse are, of course, '' degrees of time '' 
(kálángás), or in oblique ascension. 


2. Add six signs to the longitudes of the sun and moon 
respectively, and find, as in former processes, the ascensional 
equivalent, in respirations, of their interval (lagnántarásavas) : if 
the sun and moon be in the same sign, ascertain their interval in 
minutes. 


3. Multiply the daily motions of the sun and moon by the 
result, in nádis, and divide by sixty ; add to the longitude of each 
the correction for its motion, thus found, and find anew their 
interval, in. respirations ; 
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4. And so on, until the interval, in respirations, of the sun 
and moon 1s fixed: by so many respirations does the moon, in 
the light half-month (cukla), go to her setting after the sun. 


5. Add half a revolution to the sun's longitude, and calculate 
the corresponding interval, in respirations : by so many respirations 
does the moon, in the dark half-month (krshnapaksha), come to 

her rising after sunset. 


The question here sought to be solved is, how long after sunset upon 
any given day will take place the setting of the moon in the crescent half- 
month, or from new to full moon, and the rising of the moon in the waning 
half-month, or from full to new moon. The general process is the same 
with that taught in the last chapter, for obtaining a like result as regards 
the other planets or fixed stars: we ascertain, by the rules of the seventh 
ehapter—applying the correction for the latitude according to its value at 

I the horizon, as determined by the first part of vii. 8—the point of the 
, ecliptie which sets with the moon; and then the distance in oblique ascen- 
sion between this and the point at which the sun set will measure the 
required interval of time. An additional correction, however, needs to be 

tz applied to the result of this process in the case of the moon, owing to her 
e rapid motion, and her consequent perceptible change of place between the 
| time of sunset and that of her own setting or rising: this is done by cal- 
culating the amount of her motion during the interval às first, determined, 
and adding its equivalent in oblique ascension to that interval; then cal- 
culating her motion anew for the increased interval and adding its ascen- 
sional equivalent d so on, until the desired degree of accuracy is attained. 


The process thus explained, however, is not precisely that which is 
prescribed in the text. We are there directed to calculate the amount 
of motion both of the sun and moon during the interval between the setting 
of the moon, and, having applied them to the longitudes 
to take the ascensional equivalent of the distance 

as thus doubly corrected, for the precise time 

of the setting of the moon after eunset. In one point of view this is false 
sun has once passed the horizon, the interval to 

moon will be affected only by her motion, and not at 
er light, the process does not lack reason: the allow- 
valent to a reduction of the interval from 
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(ii. 59) to the sixty nádis which constitute a sidereal day so much sidereal 
time as is needed to make out the length of a day that is reckoned by any 
other method. It seems necessary, then, either to suppose a notable 
blunder in this passage, or to recognize in it such a departure from the 
usual methods of the treatise as would show it to be an interpolation. 
Probably the latter is the alternative to be chosen: it is, at any rate, that 
which the commentator prefers: he pronounces the two verses beginning 
with the second half of verse 2, and ending at the middle of verse 4, to be 
spurious, and the true text of the Siddhànta to comprise only the first half 
of verse 2 and the second of verse 4; these would form together a verse 
closely analogous in its method and expression with verse 5, which teaches 
the like process for moon-rise, in the waning half-month.  Fortified by the 
authority of the commentator, we are justified in assuming that the Sürya- 
Siddhánta originally neglected, in its process for calculating the time of the 
moon's setting, her motion during the interval between that time and sun- 
set, and that the omission was later supplied by another hand, from some 
other treatise, which reckoned by solar time instead of sidereal. This does 
not, however, explain and account for the second half of the second verse; 
which, if it has any meaning at all, different from that conveyed in the 
former part of the same verse, seems to signify that when the sun and 
moon are so near one another as to be in the same sign, the discordance 
between distances on the ecliptie and their equivalents upon the equator 
may be neglected, and the difference of longitude in minutes taken for the 
interval of time in respirations. 


If the time is between new and full moon, the object of the process is 
to obtain the interval from sunset to the setting of the moon; as both take 
place at the western horizon, the two planets are transferred to the eastern 
horizon, in order to the measurement of their distance in ascension: if, on 
the other hand, the moon has passed her full, the time of moonrise is 
sought; here the sun nlone is transferred, by the addition of 180° to his 
longitude, to the eastern horizon, as taught in verse 5. The equation to 
be applied to the longitude of both piunets is found by the familiar propor- 
tion—as sixty nådis are to the given interval in nadis, so is the true daily 
motion of the planet to its actual motion during that interval. 


6. Of the declinations of the sun and moon, if their direc- 
tion be the same, take the difference ; in the contrary case, take 
the sum : the corresponding sine is to be regarded as south or 
north, according to the direction of the moon from the sun. 


- 


7. Multiply this by the hypothenuse of the moon's mid-day 
shadow, and, when it is north, subtract it from the sine of latitude 
(aksha) multiplied by twelve ; when it is south, add it to the same. 
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— — — 8. The result, divided by the sine of co-latitude (lamba), 
Wt. gives the base (bhuja), in its own direction ; the gnomon is the 
E perpendicular (koti); the square root of the sum of their squares 
is the hypothenuse. 
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ED, In explaining the method of this process, we shall follow the guidance 
= of the commentator, pointing out afterwards wherein he varies from the 
U E letter of the text: for illustration we refer to the accompanying figure 
(Fig. 82). 
aa The figure represents the south-western quarter of the visible sphere, 
Fig. 32. seen as projected upon the plane of 
the meridian; Z being the zenith, Y 
the south point, WY the interseetion 
of the horizontal and meridian planes, 
and W the projection of the west 
point. Let ZQ equal the latitude of 
the place of observation, and let QT 
and QO be the declinations of the 
sun and moon respectively, at the 
given time: then WQ. ST. and NO 
will be the projections of the equator 
, and of the diurnal circles of the sun 
» and moon. Suppose, now, the sun 






E 














, ë 
* b 
Lied P k st X = — —— 
L vE ' A 
zi " "à" à 


` Ph. 






' ! s 1 » e. 
< Ë i M “ae 


J 
š K 












aree of the triangle SLM, in order to the delineation of the 
m” ce when at M, or at the mement of sunset. 

Now M. i idently the sine of the moon's altitude at the given 
3 ma e found by methods already more than once described 
An SL is composed of the two parts SN and NL, of 
d pends upon the distance of the moon in declination 
° je latter upon the moon's altitude. 
f ngled triangle, in which the angle NSh is equal to the 
itus e, and Nb to the sum of the sine of declination of the 
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We have thus found the values of ML and the two parts of SI. in 
terms of the general sphere, or of a circle whose radius is tabular radius: 
it is desired farther to reduce them to terms of a circle in which ML shall 
equal the gnomon, or twelve digits. And since the gnomon is equal to the 
sine of altitude in a circle of which the hypothenuse of the corresponding 
shadow is radius (compare above, iii. 25-27 etc.), this reduction may be 
effected by multiplying the quantities in question hy the hypothenuse of the 
shadow and dividing by radius. That is to say, representing the reduced 
values of SN and NL by sn and nl respectively, 


R : hyp.shad. : : ML: gnom. 
R : hyp.shad, : : SN :s n 
R : hyp.shad. : : NL :m i 


Substituting, now, in the second and third of these proportions the values 
of SN and NL found for them above, nnd substituting also in the third 
the value of the hypothenuse of the shadow derived from the first, we have 


R : hyp. shad :: B x sum sin decl. .,, and R: qnom. .. sin alt. x ein lat...) 
sin co-lat. šin lat. ain co-lat. 





which reduce to 


_ hyp. shad. x «um sin decl. "and mie sin lat. x gnom. 
sin co-lat. sin ¢o-lat 


on 





Hence, if the perpendicular ML be assumed of the constant value of the 
gnomon, or twelve digits, we have 


ay, = VYP- shad. x sum ain decl.) + (sin lat x gnom.) 
sin co-lat. 


In the case thus far considered the sun and moon have been supposed upon 
opposite sides of the equator. If they are upon the same side, the sun 
setting at S', or if their sines of declination, S'/d and Ne, are of the same 
direction, the value of S'N, the corresponding part of the base SYL, will 
be found by treating in the same manner as before the difference of the 
sines, S'e, instead of their sum. In this case, too, the value of S'e being 
north, S/N will have to be subtracted from NL to give the base S/L. Other 
positions of the two luminaries with respect to on« another are supposable, 
but those which we have taken are sufficient to illustrate all the conditions 
of the problem, and the method of its solution. 


It is evident that, in two points, the process as thus explained by the 
commentator is discordant with that which the text prescribes. The latter, 
in the first place, tells us to take, not the sum or difference of the sines 
of declination, but the sine of the sum or difference of declinations, 
as the side bN of the triangle SNb. This seems to be a mere inaccuracy 
on the part of the text, the difference between the two quantities, which 
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could never be of any great amount, being neglected: it is, howevér, very 
hard to see why the less aecurate of the two valuations of the quantity 
in question should have been selected by the text for it is, if anything, 
rather less easy of determination than the other. The other discordance 
,is one of much more magnitude and importance: the text speaks of the 
'"" hypothenuse of the moon's mid-day shadow '' (madhyáhnenduprabhá- 
|». karna), for which the commentary substitutes that of the shadow cast by 
the moon at the given moment of sunset. The commentator attempts to 
reconcile the discrepancy by saying that the text means here the moon's 
shadow as calculated after the method of a noon-shadow; or again, that 
the time of sunset is, in effect, the middle of the day, since the civil day 
|. ig reckoned from sunrise to sunrise: but neither of these explanations can 
ia be regarded as satisfactory. The commentator farther urges in support of 
E^. his understanding of the term, that we are expressly taught above (vii. 11) 
» that the ealculation of apparent longitude (drkkarman) is to be made in 
the process for finding the elevation of the moon's cusps; while, if the 
|... hypothenuse of the moon's meridian shadow be the one found, there arises 
ik > mo occasion for making that calculation. It seems clear that, unless the 
b. commentator s understanding of the true scope and method of the whole 
. process be erroneous, the substitution which he makes must necessarily 
i: be admitted. This is a point to which we shall recur later. 
i = 9. The number of minutes in the longitude of the moon 
— diminished by that of the sun gives, when divided by nine hundred, 
iH — her illuminated part (çukla) : this, multiplied by the number of 
digits (angula) of the moon's disk, and divided by twelve, gives 


the same corrected (sphuta). 
















My - 
T ra "The rule laid down in this verse, for determining the measure of the 
[f E illuminated part of the moon, applies only to the time between new moon 
| and full moon, when the moon is less than 180° from the sun: when her 
E excess of longitude is more than 180°, the rule is to be applied as stated 
below, jn verse 15. As the whole diameter of the moon is illuminated 
— — when she is half a revolution from the sun, one half her diameter at a 
| — quarter of a revolution's distance, and no part of it at tbe time of conjunc- 
< tion, it js assumed that the illuminated portion of her diameter will vary 
— as the part of 180° by which she is distant from the sun; and hence that, 
i 1e measure of the diameter of her disk to be twelve digits, the 
ligit illuminated may be found by the following proportion: as 
n 1 ov i n, or 10,800’, ia to twelve digits, so is the moon’s distance 
nhe sun jn. minutes to the corresponding part of the diameter illumi- 
sd: the subs itution, in the first ratio, of 900: 1 for 10,800: 12, ves 
| | | the text. Here, it will be noticed, we have for the 
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I a and only his ‘the Greek a ‘of meesuriig the moon's diameter, 
X E twelfths, or digits : from this scale a farther reduction is made 
to the proper Hindu scale, as determined by the methods of the fourth 
x chapter (see above, iv. 2-3, 26), by another proportion: as twelve is to the 

| e: true diameter in digits, so is the result already found to the true measure, 
S 






of the part of the diameter illuminated. 


- 
E ` 
- 


It is not to be wondered at that the Hindus did not recognize the 
ellipticity of the line forming the inner boundary of the moon's illuminated 
part; it is more strange that they ignored the obvious fact that, while the 
illuminated portion of the moon's spherical surface visible from the earth 
varies very nearly as her distance from the sun, the apparent breadth of 
the bright part of her disk, in which that surface is seen projected, must — 

. vary rather as the versed sine of her distance. - g- 

: 10. Fix a point, calling it the sun: irom that lay off the 


base, in its own proper direction ; then the perpendicular, towards 
the west; and also the hypothenuse, passing through the extremity 
of the perpendicular and the central point. 


11. From the point of intersection of the perpendicular and 
the hypothenuse describe the moon's disk, according to its dimen- 
sions at the given time. Then, by means of the hypothenuse, - 
first make a determination of directions ; - 

12. And lay off upon the hypothenuse, from the point of its tg 
intersection with the disk, in an inward direction, the measure of z P. 
ihe illuminated part: betwcen the limit of the illuminated part 
and the north and south points draw two fish-fignres (matsya): 


13. From the point of intersection of the lines passing 








3 i 
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through their midst describe an arc touching. the three. points : ee a zi 
the disk already drawn appears, such is the moon upon that qay. — >a 
14. After making a determination. of. directions by — n F 

bar. 











the perpendicular, point out the elevated (unnata) cusp - ato 
extremity of the cross-line ; having made the ———— tbat 
to be erect (unnata), that is the —— of the w | 


15. In the dark half-month subtract — oti 
1 increased by six signs from that ol the x: 
e the same manner as before, der darl 
dan... the base in a reverse. direction, , and the 
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* Having made the calculations preseribed in the preceding passages, 
we are now to project their results, and to exhibit a representation of the 
moon as she will appear at the given time. The annexed figure (Fig. 33) 
will illustrate the method of the projection | 

We first fix upon a point, as 5, which shall represent the position of 
the sun s centre upon the western horizon at the moment Of sunset, and 
we determine, in the manner taught at the beginning of the third chapter, 
the lines of cardinal direction of which it is the centre. From this point 
we then lay off the base (bhuja) SL, according to its value in digits as 
ascertained by the previous process, and northward or southward, according 
* to its true direction as determined by the same process. From L, ite 
has extremity, is laid off the perpendicular (koti), which has the fixed value of 
i e twelve digits. This, being à line perpendicular to the plane of the horizon, 
e may be regarded as having no proper direction of its own upon the surface 

^ of projection : but the text directs us te lay it off westward from  L, 
apparently in order that the observer, 

Fig. 93 standing upon the eastern side of his base 
SL, and looking westward toward the 
setting sun, may have his figure duly 
before him. "Ihe western extremity of the 
perpendicular, M, represents the moon's 
place, and from that as a centre, and with 
a radius equal to the semi-diameter of the 
moon in digits, ñ" ascertained by calcula 
tion for the given moment, 4 circle is 
E d described, representing the moon "^ disk. 
Next we are to prolong the hypothenuse, SM. to e, and to draw, by the 
< usual means, the line sn at right angles to it: the directions upon the disk 
- thus determined by* the hypothenuse, as the text phrases it, are called by 
— ^ the commentary `` moon-directions ` (candradigas). The sun being at 5, 
the illuminated half of the moon's cireumference will be swn, the cusps wii 
T. be at s and n, and w will be the extremity of the diameter of greatest 
illamination. From w, then, lay off upon the hypothenuse an amount, wr, 
— — equal to the meusure in digits of the illuminated part of the diameter, and 


- J— through s, >, and w describe an arc of a circle, in the manner alread) more 
* tham once explained (see above, vi. 14-16); the crescent sun will represent 
the amount and direction of the moon's illuminated part at the given 
! tim: . Now we once more make an determination of directions upon the 
disk a cordi ig to the perpendicular LM; that is to say, We prolong LM to 
Mt and draw ^ ' at right angles to it: the directions tus established are 
str lec (duc he commentary ' sun-directions '' (siryadicas), although withou! 
obvio u  propriety : they might rather be called `` npparent directions, ” or 

present a hine parallel with 
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the text the ''cross-line " (liryaksütra), and whichever of the  moon's 
- cusps is found upon that line is, we ara told, to be regarded as the elevated 
(unnuta) cusp, the other being the depressed one (mata). Whenever there 
is any base (bhuja), as SL, or whenever the moon and sun are not upon 
the same vertical line ML, there will take place, of course, a tilting of the 
moon's disk, by which one of her cusps will be raised higher above the 
horizon than the other; the relative value of the base to the perpendicular 
will determine the amount of the tilting, and of the deflection of the points 
of direction nesw from m'e'sfu^; and the elevated cusp will always be 
that upon the same side of the perpendicular on which the base lies. What 
is meant by the latter half of verse 14 is not altogether clear. The com- 
mentator explains it in quite a different manner from that in which we 
have translated it: he understands koti as meaning in this instance ` cusp,” 
which signification it is by derivation well adapted to bear, and does actually 
receive, although not in any other passage of this treatise: and he explains 
the verb krtvá, '' having made,” by drsh(vá, ` having seen "t: the phrase 
would then read '' beholding the elevated cusp.” We cannot accept this 
explanation as a plausible one: to us the meaning seems rather to be that 
whereas, in the projection, the perpendicular (koti) LM is drawn on a 
ohrizontal surface, we are, in Judging of the projection as an actual repre- 
sentation of the moon s position, to conceive of that line as erected, set up 
perpendicularly. 

We have thus far only supposed a case in which the calculations are 
made for the moment of sunset, the situation of the moon being in the 
western hemisphere of the heavens. In the text, however, there is nothing 
whatever to limit or determine the time of calculaticn, and it is evident that 
the process of finding the base and perpendicular will be precisely the same, 
if S (Fig. 82) be taken upon the eastern horizon, and the triangle SLM in 
the eastern hemisphere. The last verse supposes these to be the conditions 
of the problem, and lays down rules for determining in such a case the 
amount of illumination, and for drawing the projection. As regards the 
measure of the illuminated part, we are to follow the same general method 
as before, only substituting for the moon’s distance in longitude from the 
sun her distance from the point of opposition, and regarding the result 
obtained as the measure of that part of the diameter which is obscured 
(asita, '' black ''); since, during the waning half-month, darkness grows 
gradually over the moon’s face in the same manner as illumination had J^ 
done during the crescent half-month. But why the base (bhuja) is now -— 
to be laid off in the opposite to its calculated direction, we find it very hard 
to see. The commentator says it is because all the conditions of the problem 
ure reversed by our having to calculate and lay off the obscured, instead of 
the illuminated, part of the moon's disk: but the force of this reason is not 
apparent. The establishment in the projection of n point representing the 
position of the sun is, in effect, the one condition which sufficiently dater- 
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Be sek: H w see to male» rein corroding to ihat 
the base in ite true BENT and iver pte ought, it should seem, to draw 
| | ^ , stationing the observer upon the western 

side of it, looking eastward, to lay off the perpendicular away from him, 
toward the east; and then to proceed as before, only measuring the obscured 
part of the ddiameter from its remoter extremity, instend of from that next 

the sun. This latter direction is regarded by the commentator as actually 
conveyed in the final clause of verse 15: he interprets ““ the circle 
(mandala) of the moon '' to mean the dark part of the moon's disk, or that 
which is to be pointed out as increasing during the waning half-month, and 
'" on the west '' to mean on the western side of the complete disk, which 
ds the side now turned away from the sun. It seems to us exceedingly 
questionable whether the passage fairly admits of this interpretation, but 
we have no other explanation of it to offer—unless, indeed, it is to be looked 
upon as n virtual repetition of the former direction to lay off the perpendi- 
— — cular, which determines the position of the moon's disk, towards the west. 

7 We must confess that we feel less satisfied with our comprehension of 
the scope and methods of this chapter than of any that precedes it. We 
are disappointed at finding the result arrived at one of so indefinite a 
character, and of so little significance. The whoie laborious calculation 
d seems to be made simply for the sake of delineating the appearance of 
‘the moon at a given moment, and pointing out which of her two horns 
has the greater altitude. No determination is made of the amount of 
. angular deflection, upon which any consequences, meteorological, astrolo- 
| .  gieal, or of any other character, could be founded; nor is any hint given of 
the way in which the results of the process are to be turned to account. 


I2 x Moreover, while the object aimed nt seems thus to be merely a projection, 
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| a2 time is selected at which the moon is not ordinarily visible, so that she 


cannot be seen to exhibit an accordance with her delineated appearance ! 
O faulty one: it is, in fact. 


visible disk can be 


— E nce more, the whole process is an extremely 
o. . only when the moon is herself at the horizon that her 
x regarded as in the same plane with lines parallel with and perpendicular 
— — to the horizon, or that ew! and n's’ (Fig. 38) represent actual direction* 
IS dj on her face: anywhere else, the relations of the moon’s disk at M in the 
rst 32) and at M in the other figure (Fig. 33) are so different 

cannot fairly represent the former. It would seem, indeed. 
TE setting or rising were the one for which 
‘such this would have most significance: at 
f one of her horns before the 


thi | time, the disappearance or appearance o i 
P wot ight seem to a Hindu astronomer 
othe be such a phenomenon as might seem ‘as 


wort i the trouble of delineating, ^s 4 decisive proof of the accuracy of his 
scientifi » knowledge. We have not found it possible, however, to m ake 
he rules of the text apply to such a ease, and the commentary is explicit 
ita definition of the time of the calculation, as sunset or sunrise alone, to 
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h ‘discordance existing at more 

the sila bel woan teat cad tho s commentary suggests 
e that the original design of the one and the traditional inter- 
F sea of it represented by the other may be at variance, and we are 
x ono | | without suspicions that the text may have been altered, so ns not now 
t M — forrly and accurately to represent any one consistent process. A better 
| - understanding - of the general object of the calculation and the use made 
of its results, and an acquaintance with the solutions of the problem 
p id presented by other astronomical treatises, might throw additional light upon 
d these points; but we are not able at present fully to avail ourselves of such 
assistance, nor is the importance of the subject such as to render incum- 
bent upon us its fuller elucidation 
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—— Or CERTAIN MALIGNANT ASPECTS OF THE SuN AND Moos. 


| Contexts :—1-5, definition and description of the malignant aspects of the sun ana 
: E . moon, when of equal — declination; 6-11, to find the longitude of the sun and 
x moon when their declinations are equal; 12-13, to ascertain the corresponding 
LA |». time; 14-15, to determine the duration of the aspect, and the moment of ite be- 
E e ginning and end; 16-18, its continuance and its influences; 19, when such an as- 
i ect may occur more than once, or not at all; 20, occurrence of the yoga of like 
name and character ; 21, of unlucky points in the circle of asterisms; 22, caution 
E v these unlucky aspects aod points; 23, introductory to the following chapters. 

















PE When the sun and moon are upon the same side of either 
— and when, the sum of their longitudes being a circle, they 


* are E equal declination, it is styled vdidhrta. 
Y cuo . When the moon and sun are upon opposite sides of either 
latice” and their minutes of declination are the same, it is 


eg sum: of their sing ‘of tt oe a half-circle. 













TARA (påta) at this time often causes ‘the destruc- 
— 
rtals, it is known as 0? yatipata, or, by a difference ol 


= e black, of Righttal shape, bloody-eyed, big-bellied, 
xad nisfortune to all, it is produced again and again. 


à edam chapters in the treatise, this is the one which has least 
sst and It is styled pátádhikára, “' chapter of the pátas,'"" and 
serns it self — dig e description | of the malignant character of the 
d moon have equal declination, upon the same or 

> “equator, and with laying down rules by which the tirne 
malignant aspects may be calculated. “he latter 
alle — the province of an astronomical treatise 
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like the present: the other would better have been left to works of a pro- 
fessedly astrological character. The term påta, applied to the aspects in 
question, means literally '' fall,” and hence also either '' fault, transgres- 
sion,” or '' calamity.” We have often met with it above, in the sense of 
“node of a planet's orbit '"; as so used, it was probably first applied to 

the moon's nodes, because they were the points of danger in her revolution, 

near which the sun or herself was liable to fall into the jaws of Rahu 

(see above, iv. 6); and it was then transferred also, though without the 
same reason, to the nodes of the other planets, As it is employed in this 
chapter, we translate it simply '' aspect." Why the time when the sun 

and moon are equally distant from the equator should be looked upon as so 
especially unfortunate is not easy to discover, notwithstanding the lucid 
explanation furnished in the third verse. For the '' provector '' (pravaha), 

the wind which carries the planets forward in their orbits, see above, ii. 3. 
When the equal declinations are of opposite direction, the aspect is deno- 
minated vdidhrta, or váidhrti. This word is a secondary derivative from 
vidhrti, '" holding apart, withholding,” or from vidhrta: it has been noted 
above (under ii. 65) as the name of the last yoga; and its use here is noi 
discordant with that, since the twenty-seventh yoga also occurs when the 

sum of the longitudes of the sun and moon is 360^. The title of the other 
aspect (páta), which occurs when the sun and moon are equally removed 

from the equator upon the same side of it, is vyatipdta, which may be 
rendered '* very excessive sin or calamity.'' This, too, is the name of one 

of the yogas, but not of that one which occurs when the sum of longitudes 
of the sun and moon is 180°: the discordance gives occasion for the explana- i 
tion contained in verse 20, below. The specification of the text, that the 
aspects take place when the sum of longitudes equals a circle or a half- | 
circle respectively, or when the two luminaries are equally distant from \ 
either solstice, or either equinox, is not to be understood as exact: this -——— 
would be the case if the rnoon had no motion in latitude; but owing to 

that motion, the equality of declinations, which is the main thing, occurs 

at a time somewhat removed from that of equality of distance from the 
equinoxes: the latter is called in the commentary madhyapáta, '' the mean 
occurrence of the aspect." The terms translated by us '' upon the same 

and upon the opposite sides of either solstice " are ekdyanagata and 
viparitdyanagata, literally *' situated in the same and in contrary ayanas ''; 

ayana being, as alrendy pointed out (end of note to ii. 9-12), the name of  .—* 
the halves into which the ecliptic is divided by the solstices. ' - 


— 


—_ 


6. When the longitudes of the sun and moon, being increased 
by the degrees, etc., found for the coincidence of the solstice with 
its observed place, are together nearly a circle or nearly a half- 
circle, calculate the corresponding declinations. 
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q saa draht, 18, when corrected by her latitude (vikshepa), grea ates 
than the declination of the sun, the aspect (påta) is already past; 
— 8. If less, it is still to come : in an even, quadrant, the 
te contrary is the case. If the moon's declination is to be subtracted 
T Eon her latitude, the rules as to the quadrant are to be reversed. 


sV = 
T. Then, if the declination of the moon, she being in an odd 


e * As in other processes of a similar character (see above, iv. 7-8; vii. 
<7 2-6), we are supposed to have found by trial, for the acta gold of the 
X present caleulation, the midnight next preceding or following the occurrence 
of the aspect in question, and to have determined for that moment the 
longitudes and rates of motion of both bodies, and the moon 's latitude. 
n finding the longitudes, we are to apply the correction for precession; this 
N is the meaning of the expression in verse 6, drktulyasádhitángádi, which 
may be literally. translated '* degrees, etc., caleulated for accordance with 
observed place zA the reference is to the similar expression for the precession 
ontained in iii. a Next the declinations are to be found, and that ot 
ihe moon as corrected | for her latitude. And since, in the odd quadrants— 
that i is to say, the first and third, counting from the actual vernal equinox 
dE 1 daclination is increasing, while in the others it is decreasing, if the 
" pt | de clination in an odd quadrant of the moon, the swifter moving body, is 
alr sady greater than that of tbe sun, the time of equality of declination is 
eviden already past, and the converse. But if, on the other hand, the 
mm "s eclination (using that term in its Hindu sense) is so small, and 
— — so great, being of opposite directions, that her actual distance 
3 from the equat tor r is measured by the excess of the latter above the former, 
and so i is of direction contrary to that of her declination, then, as declination 
" inen »ases, distance from the equator diminishes, or the contrary, and the 
| conc juo as formerly stated are reversed throughout. 


$ tie gs: Multiply the sines of the two declinations by radius, and 

di vide by ‘the sine of greatest declination : the difference of the 

arcs c EP onding to the results, or half that difference, is to be 
o the moon’ s longitude when the aspect (páta) is to come ; 


. And is to be subtracted from the moon s longitude when 
ect is past. df the same quantity be multiplied by the 
otior and divided by the moon s motion, the result is an 
—— on. * in _ minutes, which is to be | applied to the sun's place, in 
the sa me d rec jc n as the other to the moon's. 

WC also i s to be applied, in the contrary direction, a like 
: ace of the moon 's node. This operation is to 
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"us repeated, until: the —— of the two bodies come to be 


the same. 


By this process are ascertained the longitudes of the sun and moon 
at the time when their declinations are equal. Its method may be briefly 
explained as follows. At the midnight assumed as the starting-point of 
the whole caleulation there is found to be a certain difference in the two 
declinations : we desire to determine how far the paths of the two luminaries 
must be traced forward or backward, in order that that difference may be 
removed; and this must be effected by means of a series of approximations. 
We commence our enleulation with the moon, as being the body of more 
rapid motion. By a proportion the inverse of that upon which the rule 
for deriving the declination from the longitude (ii. 28) is founded, we 
ascertain at what longitude the moon would have the sun's actual declina- 
tion, and at what longitude she would have her own actual. declination, 
as corrected by her latitude: the difference between the two results 
is à measure of the amount of motion in longitude, forward or backward, 
by which she would gain or lose the difference of declination, if the sun 
remained stationary and her own latitude unchanged. Since, however, that 
is not the case, we are compelled to calculate the corresponding motion of. 
the sun, and also the moon's latitude in her new position; and in order to 
the latter, we must correct the place of the node also for it& retrograde 
motion during the interval. The motions of the sun and node are found 
by the following proportion: as the moon's daily motion is to that of the 
sun, or to that of the node, so is the correction applied to the moon's place ; 
to that which must be applied to the place of the sun, or to that of the | 
node. A new set of positions in longitude having thus been found, the 
declinations are again to be calculated, and the same approximative process 
repeated—and so on, until the desired degree of accuracy is attained. 








The text permits us to apply, as the correction for the place of the — 
moon, either the whole or the half of the difference of longitude found as 
the result of the first proportion: it is unessential, of course, in a process | 
of thia tentative character, what nmount we assume as that of the first | 
correction, provided those which we apply to th» places of the sun and £x 
node be made to correspond with it: and there may be cases in which. we 


should be conducted more directly to the final result of the — by Ba 
taking only half of the difference. 





12. The aspect (påta) is at the time òt equality of declina> 
tions ; if, then, the moon's longitude, as thus increased or diminish- 
ed, be less than her longitude at t midpiabi : the — is i past; it ' 
greater, it is to come. 
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13. The minutes of interval between the moon's longitude 
as finally established and that at midnight give, when multiplied 
by sixty and divided by the moon's daily motion, the time of the 
aspect, in nadis. . z 

We had thus far found only the lorigitudes of the sun and moon at 
the time of equality of declination, and not that time itself: the latter is 
now derived from the former by this proportion: as the moon's daily 
motion is to a day, or sixty nadis, so is the difference between the moon's 
longitude at midnight and at the time of the aspect to the interval between 
the latter time and midnight. 


14. Multiply the half-sum of the dimensions (mána) of the 
sun and moon by sixty, and divide by the difference of their daily 
motions : the result is half the duration (sthiti), in nadi, etc. 

15. The corrected (sphuta) time of the aspect (pata) is the 
middle: if that be diminished by the half-duration, the result is 
the time of the commencement ; 1f increased by the same, it is tbe 
time of the end. | 
16. The time intervening between the moments of the begin- 
ning and end is to be looked upon as exceedingly terrible, having 
the likeness of a consuming fire, forbidden for all works. 


The continuance of the centres of the sun and moon at the point «t 
equality of declination is, of course, only momentary; but the aspect aud 
its malignant influences are to be regarded as lasting as long as there is 
virtual contact of the two disks at that point, or ns long as a central eclipse 
of the sun would last if it took place there. Its half-duration, then, or the 
interval from its middle to its beginning or end respectively, is found by a 
proportion, as follows: if in a day, or sixty nádis, the two centres of the 


` 


sun and moon become separated by à distance which is equal to the differ- 









i i ence of their daily motions, in how many nádis will they become separated 
^ s by a distance which is equal to the sum of their semi-diameters? or 
B. & diff. d. motions ;, 60 : : sum semi-diam. : balf-duration. 






—And if this amount be subtracted from and added to the time of equality 


EL -of declination, the results will be the moments at which the nspect will 
dm. è X Š ` ` 


begin and end respectively. | 
| Such is the plain and obvious méhning of the text in this passage. 
The comment: tor, however, in accordance with his interpretation of the 


P; 


| next following verse (see below), declares that the aspect actually lasts 
$ | aa l UR te ^T i 


ig as any portion of the moon's disk has the same declination witi: 
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any portion of that of the sun; and that, accordingly, it commences—the 
moon's declination being supposed to be increasing—whenever her remoter 
limb comes to have the same declination with the nearer limb of the sun, 
and ends when her nearer limb comes to have the same declination with 
the remoter limb of the sun—the contrary being the case when her declina- 
tion is decreasing. He acknowledges that the text does not seem to teach 
this, but puts in the plea which is usual with him when excusing a palpable 
inaccuracy in the statements or processes of the treatise; namely, that the 
blessed author of the work, moved by pity for mankind, permitted here 
the substitution of difference of longitude for difference of declination, im 
view of the greater ease of its calculation, and the imsignificance of the 
error involved. That error, however, is quite the reverse of insignificant; 
it is, indeed, so very gross and palpable that we cannot possibly suppose 
it to have been committed intentionally by the text; we regard it as the 
easier assumption that the conditions of the continuance of the aspect are 
differently estimated in the text and in the commentary, being by the former 
taken to be as we have stated them above, in our explanation of the 
process. ‘The view of the matter taken by the commentator, it is true, is 
decidedly the more natural and plausible one: there seems no good reason 
why an aspect which depends upon equality of declination should be deter- 
mined as to eontinuance by motion in longitude, or why the aspect should 
only occur at all when the two centres are equally distant from the equator; 
why, in short, there should not be partial aspects, like partial eclipses of 
the sun. If the doctrine of the commentary is a later development, or 
an independent form, of that which the text appears to represent, it is a 
naturally suggested one, nnd such us might have been expected to arise. 


17. While any parts of the disks of the sun and moon have 
the same declination, so long 1s there a continuance of this aspect, 
causing the destruction of all works. 


18. So, from a knowledge of the time of its occurrence, very 
great advantage is obtained, by Means of bathing, giving, prayer, 
ancestral offerings, vows, oblations, and other like acts. 


We have translated verse 17 in strict accordance with the interpreta- 
tion of it presented in the commentary, although we must acknowledge 
that we do not see how that interpretation is to be reconciled with the 
actual form of the text. The term ekáyanagata, which the commentator 
renders '" having equal declination,'' is the same with that which in the 
first verse signified '' situated in the same ayana "'; mandala, although it 
is sometimes used with the meaning '' disk,” here attributed to it by him, 
is the word employed in that same verse for a '' circle," or '' 860° ''; and 
antara, which he explains by ekadega, `' any part," never, so far as we 
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‘know, is properly used in that sense, while it is of freque nt occurrence else- 
E. E litere in this treatise with the meaning * interval." The natural rendering 

| of the line would seem to be ‘‘ when there is between the sun and moon 
di t the interval of a circle, situated in the same ayana '' This, however, yields 
ye Oud useful meaning, since such a description could only apply to an actual 
— — of the sun and moon. We do not see how the difficulty 1s to 

be solved, unless it be allowed us, in view of the discordance already pointed 
= as existing between the plain meaning of the previous passage and that 

attributed to it by the commentator, to assume that the text has been 
tampered with in this verse, and made to furnish a different sense from 
that it originally had, partly by a forced interpretation, but partly also by 
E such an alteration of its readings as disables it from yielding any other 


| gs. in ntelligible meaning. 


E. | 19. When the equality of declinations of the sun and moon 
S takes plaee i in the neighbourhood of the equator, the aspect may - 
E then again occur a second time: in the contrary case, it may fail ` 


rato jooput. 


. "Near the equinox, where declination changes rapidly, the moon, as 
the swifter moving body, may come to have twice, in rapid succession, 
the. same declination with the sun, and upon the opposite sides of the 
uator. — Near the solstice, on the other hand, where the ecliptic and 
E E aure nearly parallel, the moon—if she happens to be nearer the 
| uator tor than the sun is, owing to her latitude—may pass the region im 

——— aspect would otherwise be lable to occur, without having had 
— gr in i amount to that of the sun. 


n" 


S 


being divided by the ‘portion —— of an asterism 
quotient 1 between sixteen and seventeen, there is 
5 , vyatipáta. E 

c - — »- 
nply a special application of the rule formerly given (ii. 65), 
any given time, the current period named yoga. The 
| of the rit (5, as ds shown by the list there given, has the same 
Y — Egon ` of the aspects treated of in this chapter: judging 
` fro d , it is also Yegarded as possessing a like portentous 

a AE Ic 1 maligna 1t rn icter. 
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| 22. In all works, one must avoid the terrible trio of vyati- 
pátas, as also the trio of gandántas, and this trio of junctions of 
asterisms. 


The division of the ecliptic into twenty-sevenths, or asterisms, coin- 
cides with its division into twelfths, or signs, nt the ends of the ninth, 
eighteenth, and twenty-seventh asterisms, which are also those of the 
fourth, eighth, and twelfth signs respectively. “o this innocent circum- 
stance it seems to be owing that those points, and the quarters of portions, 
or arcs of 200’, on either side of them, are regarded and stigmatized as 
unlucky and ominous. Hence the title bhasandhi; sandhi is literally 
`" putting together, joint," and bha is, as has been noticed elsewhere (note 
to ii. 9-12), a name both of the asterisms and of the signs. In which of 
its various senses the word ganda is used in the eompound gandánta, we 
do not know. 


23. Thus hath been related that supreme, pure, excellent, 
mysterious, and grand system of the heavenly bodies: what else 
dost thou desire to know? 


In this verse re-appears the personality of the revealer of the treatise, 
the incarnation of a portion of the sun, which has been lost sight of since 
near the beginning of the work (i. 7). The questions addressed to him, in 
answer to this appeal, by Maya, the recipient of the revelation, introduce 
the next chapter, which, with the two that follow it, contains the additional 
explanations and instructions vouchsafed in reply. "The last three chapters 
confessedly constitute a separate portion of the work, which is here divided 
into a parva khanda and an uttara khanda, or n '' former Part ” and ë 
" latter Part.'" It is by no means impossible that the whole second Part 
is an appendix to the text of the Siddhánta as originally constituted. 

The title of the next following chapter is bhiigolidhydya, '' chapter of 
the earth-globe '': in the second part of the trentise the ehapters are styled 
adhyáya, ** lection,'" instead of, as hitherto, adhikára, °° heading.” 


— 
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CHAPTER XII. 
CosMoGoNy, GEOGRAPHY, DIMENSIONS OF THE CREATION. 


Contents :—1-9, inquiries; 10-28, development of the creative agencies, of the elements 
and of the existing creation; 29-31, form and disposition of the stellar and planetary 
systems ; 32.44, situation, form, structure, and divisions of the earth; 45-72, varying 
phenomena of night and day in different latitudes and zones; 73-77, revolutions of 
the stars and planets; 75-79, regents of the different divisions of time; 80-90, 
dimensions of the planetary, stellar, and ethereal orbits, 


1. Then the demon Maya, prostrating himself with hands 
suppliantly joined before him who derived his being from the part 
of the Sun, and revering him with exceeding devotion, inquired 
as follows : 

2. O blessed one! of what measure is the earth? of what 
form? how supported? how divided? and how are there in it seven 
interterranean (pátála) earths? 

3. And how does the sun cause the varying distinction of . 
day and night? how does he revolve about the earth, enlightening 

— all creatures? 
J 4. For what reason are the day and night of the gods and 
Pur the demons opposed to one another? or how does that take place 
|. by means of the sun's completion of his revolution ? 
» 5. Why does the day of the Fathers consist of a month, but 
that of mortals of sixty nádis? for what reason is not this latter 
everywhere the case? 
[S 6. Whence is it that the regents of the days, years, months, 
| And hours (hora) are not the same? How does the circle of as- 
f = terisms (bhagana) revolve? what is the support of it with the 
planets? x 
y le d 7. The orbits of the planets and stars, uplifted from the 
— parth one above another—what are their heights? what their inter- 
vals? what their dimensions ? and what the order in which thes 
are fixed? | 
I s 86 
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8. Why are the rays of the sun hot in the summer, and not 
so in the winter? how far do his rays penetrate? How many 


modes of measuring time (måna) are there? and how are they 
employed ? 


9. Resolve these my difficulties, O blessed one, creator of 
creatures! for there is not found besides thee another resolver, 
who beholdeth all things. 


The proper answers to these inquiries commence at about the twenty- 
seventh verse of the chapter, the preceding philosophical history of the 
development of the existing creation being apparently volunteered by 
the revelator. All the questions then find their answers in this chapter, 
excepting that as to the methods of measuring time, which is disposed 
of in the fourteenth and concluding chapter. The subject of the thirteenth 
chapter also seems not to be contemplated in the laying out, in this 


passage, of the scheme of subjects to be treated of in the remainder of the 
treatise. 


10. Having heard the words thus uttered with devotion by 


Maya, he then again promulgated this mysterious and supreme 
Book (adhyáya) : 


11. Listen with concentrated attention : I will proclaim the 
secret doctrine called the transcendental (adhuátma): there is 
nothing which may not be bestowed on those who are exceedingly 
devoted to me. 


12. WaAsudeva, the supreme principle of divinity (brahman) 
whose form is all that is (tat), the supreme Person (purusha), un- 
manifested, free from qualities, superior to the twenty-five prin- 
ciples, imperishable, 

13. Contained within matter (prakrti), divine, pervading 
everything, without and within, the attractor—he, having in the 
first place created the waters, deposited in them energy. 


14. "That became a golden egg, on all sides enveloped in 
darkness : in it first became manifested the unrestrained, the ever- 
lasting one. 


15. He in the scripture (chandas) is denominated the 


golden-wombed (hiranyagarbha), the blessed ; as being the first 
(Adi) existence, he is called Aditya ; as being generator, the sun. 
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| 16. This sun, likewise named Savitar, the supreme sources 

E light (jyotis) upon the border of darkness—he revolves, bringing I 
_ beings into being, the creator of creatures. 

* doi LT. He is extolled as natural illuminator, destroyer of dark- 

. mess, great. The Hymns (rcas) are his disk, the Fon (sümáni) 


"ed bis. beams, the Liturgy (yajinshi) his form. 
* Ur *18. He; the blessed one, is composed of the trio of sacred 


> Scriptures, the soul of time, the producer of time, mighty, the 
+ | soul of the universe, all-penetrating, subtle : in him is the universe 
K ene. | 
M. * 19.- Having made for his chariot, which is composed of the 
. AES niverso, a wheel consisting of the year, and having yoked the 
| metres as his. steeds, he revolves continually. 
b: 2 ad "Three quarters are immortal, secret; this one quarter 
| hath becom ie manifest. In order to the production of the animated 
ation, he, the mighty one, produced Brahma, the principle of 
QU — — (ahankára). 
TAL: Bestowing upon him the Scriptures (veda) as gifts, and 
Pu ishing him within the egg as. grandfather of all worlds, he 
= C a T nself. then revolves, causing existence. 
ë 82. ‘Then Brahma, wearing the form of the principle of 
D "v mas ousness (ahankára), produced mind in the creation: from 
duse mis nd was born the moon ; from the eyes, the sun, the repository 
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i mind, the ether ; thence, in succession, wind, fire, 
se five. elements (mahdbhita) were produced by 


cessiv perde of one quality. - 
pet pul: ‘Soma, the sun and moon: then Mars etc. 
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produced, in pcenion, from light, earth, ether, water, 
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_ 25. Ag jain, dividing. himself twelve-fold, he, the mighty one, 
pro xu ced w! 1 at is known as signs ; and vet farther, what has 
[ the asterisms (nakshatra), twenty-seven- -fold. 
pt Pher je wrought out the whole animate and inanimate 
or iron: fron the gods downward, producing forms of matter 
(prakrti)- fr or the upper, (T , middle, and lower currents (srotas). 
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ae F 9T. Having produced them in succession, as stated, by a 


difference of quality and function, he fashioned the distinctive 


character of each, according to the showing of the Scripture 


 (reda)— 


28. That is, of the planets, asterisms, and stars, of the 


earth, and of the universe, he the mighty one; of gods, demons, 


and mortals, and of the Perfected (siddha), in their order. 


We do not regard ourselves as called upon to enter into any detailed 
examination of this metaphysical scheme of development of the creation, 
or to compare it critically with the similar schemes presented in other 
Hindu works, as Manu (chap. i), the Puranas (see Wilson's Vishnu Purana, 
Book I), etc. We will merely explain a few of its expressions, and of the 
allusions it contains. Vasudeva is an ordinary epithet of Vishnu, and its 
use in the signification here given it seems indicative of Vaishnava tenden- 
cies on the part of the author of the scheme. "The twenty-five principles 
referred to in verse 12 are those established by the Sánkhya philosophy. 
The reference in verse 15, first half, is to Rig-Veda x. 121. In the 
second half of the same verse we have a couple of false etymologies: 
ádilya comes, not from ddi, ‘* first,” but from aditi, '' eternity ''; 
and to derive sárya, '' sun,” from the root si, ' generate '" (from which 
savitar actually comes), is beyond the usual measure of Hindu theologico- 
philosophical etymologizing. The Hymns, Songs, and Liturgy are the three 
bodies of scripture commonly known as the Rig-Veda, Sáma-Veda, and 
Yajur-Veda. The '' seven metres '' (v. 19) are those which are most often 
employed in the construction of the Vedic hymns: in parts of the Veda 
itself they are personified, and marvellous qualities and powers are ascribed 
to them. 'Phe obscure statement contained in the first half of verse 20 
comes from verses 8 and 4 of the purusha-hymn (Rig-Veda x, 90; the hymn 
is also found in others of the Vedie texts). The second half of verse 22 
also nearly coincides with a passage (v. 13) in the same hymn. Of the fivo 
elements assumed by the Hindu philosophers, the first, ether, is said to 
be endowed only with the quality of audibleness; the second, air, has that 
of tangibility also; the third, fire, has both, along with color; to these 
qualities the fourth element, water, adds that of savor; the last, earth, 


possesses audibility, tangibility, color, savor, and odor: this is according to ` 


the doctrines of the Sankhya philosophy. In verses 24 and. 25 we have 


specifications introduced out of consideration for the general character and 





author. For the beings called in verse 28 the “ perfected "" (siddha), wee — 
Nios below, ‘verses 8) and D. — ge se esa: s TE. 
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29. This Brahma-egg is hollow; within it is the universe, 
consisting of earth, sky, etc. ; it has the form of a sphere, hke a 
receptacle made of a pair of caldrons. 
30. A circle within the Brahma-egg is styled the orbit ol 
the ether (ryoman) : within that is the revolution of the asterisms 
(bha) ; and likewise, in order, one below the other, 


31. Revolve Saturn, Jupiter, Mars, the sun, Venus, 
Mercury, and the moon; below, in succession, the Perfected 
(siddha), the Possessors of Knowledge (vidyddhara), and the 
clouds. 


The order of proximity to the earth in which the seven planets are 
here arranged is, as noticed above (i. 51-52), that upon which depends 
the succession of their regency over the days of the week, and so also 
the names of the latter. So far as the first three and the last are con- 
cerned, it is a naturally suggested arrangement, which could hardly fail 
to be hit upon by any nation having sufficient skill to form an order of 
succession at all: the order in which the sun, Mercury, and Venus are made 
to follow one another is, on the other hand, a matter of more arbitrary 
determination, and might have been with equal propriety, for aught we can 
see, reversed or otherwise varied. Of the supernatural beings called the 
'" possessors of knowledge '' (vidyádhara) we read cnly in this verse: the 
'" perfected '' we find again below, in verse 40, as inhabitants of a city on 
the earth's surface. 


32. Quite in the middle of the egg, the earth-globe (b/rügola) 
stands in the ether, bearing the supreme might of Brahma, which 
>œ — 4s of the nature of self-supporting force. 
P. 39. Seven cavities within it, the abodes of serpents (naga) 
and demons (asura), endowed with the savor of heavenly plants, 
— — delightful, are the interterranean (pátála) earths. 
e TIN 34. A collection of manifold jewels, a mountain of gold, is 
d N eru, passing through the middle of the earth-globe, and pro- 
ne | &ruding on either side. 
W AS NI 017: 28 At its upper end are stationed, along with Indra, the 
1 - ds. and the Great Sages (maharshi) ; at its lower end, in like 


r X> 


r. the emons (asura) have their place—each the enemy of 


* E. ia 1 L 
m "wa- 7 M be 
- the other. | i 
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36. Surrounding it on every side is fixed next this great 
ocean, like a girdle about the earth, dividing the two hemispheres 
of the gods and of the demons. 

37. And on all sides of the midst of Meru, in equal divisions 
of the ocean, upon islands (dvipa), in the different directions, are 
the eastern and other cities, fashioned by the gods. 

38. Ata quadrant of the earth's circumference eastward, in 
the clime (varsha) Bhadracva, is the city famed as Yamakoti, 
having walls and gateways of gold. 

30  'To the southward, in the clime Bharata, is in like 
manner, the great city Lanka: to the west, in the clime called 
Ketumála, is declared to be the city named Romaka. 

40. Northward, in the clime Kuru, is declared to be the city 
called that of the Perfected (siddha) ; in it dwell the magnanimous 
Perfected, free from trouble. 


41. ‘These are situated also at a distance from one another of 
a quadrant of the earth's circumference; to the north of them, 
at the same distance, is Meru, the abode of the gods (sura). 


49. Above them goes the sun when situated at the equinoxes ; 


they have neither equinoctial shadow nor elevation of the pole 
(akshonnatt). 


43. In both directions from Meru are two pole-stars (dhrura- 
lárá), fixed in the midst of the sky : to those who are situated in 


places of no latitude (niraksha), both these have their place in 
the horizon. 


44. Hence there is in those cities no elevation of the pole, 
the two pole-stars being situated in their horizon ; but their degrees 
of co-latitude (lambaka) are ninety : at Meru the degrees of lati- 
tude (aksha) are of the same number. 


In these verses we have so much of geography as the author of the 
chapter has seen fit to connect with his astronomical explanations. For 
a Hindu account of the earth, it is wonderfully moderate, and free from 
falsehood. ‘The absurd fictions which the Puranas put forth as geography 
are here for the most part ignored, only two or three of the features of their 
descriptions being retained, and those in an altered form. To the Puránas 
(see especially Wilson's Vishnu Purina, Book IL, chap. ii-vi) the enrth 
is a plain, of immense dimensions. Precisely in the middle of it rises 
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Mount Meru, itself of a size compared with which the earth, as measured 
by the astronomers, is as nothing: it is said to be 84,000 yojanas high, 
and buried at the base 16,000 yojanas; it has the shape of an inverted cone, 
being 82,000 yojanas in diameter at its upper extremity, and only 16,000 
at the earth's surface. Out of this mountain the astronomical system 
makes the axis of the earth, protruding at either extremity, indeed, but of 
dimensions wholly undefined. As the Puranas declare the summit of 
Meru, and the mountains immediately supporting it, to be the site of the 
cities inhabited by the different divinities, so also we have here the gods 
placed upon the northern extremity of the earth's axis, while their foes, 
the spirits of darkness, have their seat at the southern. The central 
circular continent, more than 100,000 yojanas in diameter, in the midst of 
‘which Meru lies, is named Jambidvipa, '' the island of the rose-apple tree "'. 
it is intersected by six parallel ranges of mountains, running east and west, 
and connected together by short eross-ranges: the countries lying betweem 
these ranges are styled varshas, ''climes,'"' and are all fully named and 
described in the Puranas, as are the mountain-ranges themselves. "The 
half-moon-shaped strips lying at the bases of the mountains on the eastern, 
southern, western, and northern edges of the continent, are called by the 
same names that are given by our text to the four insular climes which it 
sets up. Bharata is a real historical name, appearing variously in the 
early Hindu traditions; Kuru, or Uttara-Kuru, is a title applied in Hindu 
geography of a less fictitious character to the country or people situated 
beyond the range of the Himalaya; the other two names appear to be 
altogether imaginary. The Puranas say nothing of cities in these four 
climes. Lanka, as noticed above (i. 62), is properly an appellation of the 
island Ceylon; and Romaka undoubtedly comes from the name of the great 
city which was the mistress of the western world at the period of lively 
commercial intercourse between India and the Mediterranean : the other 
two cities are pure figments of the imagination. Our treatise, it wil be 
observed, ignores the system of continents, or dvipas, and simply sur- 
rounds the earth with an ocean in the midst, like a girdle: the Puranas 
encompass Jambüdvipa about with six other dvipas, or insular ring-shaped 
continents, each twice as vast as that which it encloses, and each separated 
from the next by an ocean of the same extent with itself. Of these seven 
oceans, the first, which washes the shores of Jambüdvipa, is naturally 


oe Y: enough acknowledged to be composed of salt water: but the second is of 








k. 


syrup, the third of wine, the fourth of clarified butter, the fifth of whey, 


v. 


— the sixth of milk, and the last of sweet water. Outside the latter is àn 
- — uninhabited land of gold, and on its border, as the outmost verge of 


ae — — — — 


creation, is the monstrous wall of the Lokáloka mountains, beyond which 








The author of the Siddhanta-Ciromani, more submissive than th. 


| : of our chapter to the authority of tradition, uccepts (Golàdhy., chap. 
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ii) the series of concentric continents and oceans, but gives them all a 
place in the unknown southern hemisphere, while he regards Jambidvipa as 
occupying the whole of the northern, 

The pátálas, or interterranean cavities, spoken of in verse 33, are also 
an important feature of the Puranic geography. If our author has not 
had the good sense to rejeet them, along with the insular continents, he 
at least passes them by with the briefest possible notice. In the Puranas 
they are declared to be each of them 10,000 yojanas in depth, and their 
divisions, inhabitants, and productions are described with the same ridi- 
culous detail as those of the continents on the earth's surface. 

It will be observed that the text, although exhibiting in verse 41 a 
distinct apprehension of the fact that the pole is situated to the  north- 
ward of all points of the equator alike, yet, in describing the position of 
the four great cities, speaks as if there were a north direction from Meru, 
jn the continuation of the line drawn to the latter from Lanka, and an east 
and west direction at right angles with this. 

for the terrestrial equator, considered as a line or circle upon the 
earth’s surface, there is no distinctive name; it is referred to simply as the 
place `` of no latitude '' (niraksha, vyaksha). 


45. In the half-revolution beginning with Aries, the sun, 
being in the hemisphere of the gods, is visible to the gods : but 
while in that beginning with Libra, he is visible to the demons, 
moving in their hemisphere. 

46. Hence, owing to his exceeding nearness, the rays of the 
sun are hot in the hemisphere of the gods in summer, but in 
that of the demons in winter: in the contrary season, they are 
sluggish. 

47. At the equinox, both gods and demons see the sun in the 
horizon ; their day and night are mutually opposed to each other. 

48. The sun, rising at the first of Aries. while moving on 
northward for three signs, completes the former half-day of the 
dwellers upon Meru ; 

49. In like manner, while moving through the three signs 
beginning with Cancer, he completes the latter half of their day 
he accomplishes the same for the enemies of the gods while 
moving through the three signs beginning with Libra and the 
three beginning with Capricorn, respectively. 

50. Hence are their night and day mutually opposed to one 
another; and the measure of the day and night is by the com- 
pletion of the sun's revolution. 
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E 51. Their mid-day and midnight, which are opposed to one 
* another, are at the end of each half-revolution from solstice to 
. solstice (ayana). The gods and demons each suppose themselves 


to be uppermost. 
> 52. Others, too, who are situated upon the same diameter 
 (samasütrastha), think one another underneath—as the dwellers 
in Bhadrácva and in Ketumála, and the inhabitants of Lankà 
F and of the city of the Perfected, respectively. 


C 2 53. And everywhere upon the globe of the earth, men think 
— their own place to be uppermost: but since it is a globe in the 
* ether, where should there be an upper, or where an under side 
E 
54. . Owing to the littleness of their own bodies, men, look- 
= ing in 1 every direction from the position they occupy, behold this 
3 rmi although it is globular, as having the form of a wheel. 

B5. To the gods, this sphere of asterisms revolves toward 


| a the AANE s the enemíes of the gods, toward the left; in a situa- 
MEC ion of r o latitude, directly o overhead—always in a westerly direc- 
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Pm án the latter situation, the day is of thirty 
ght likewise : : in the two hemispheres of the gods 
her tae Bee a deficiency and an excess, always 


er. — 
g tl o ° half-revolution beginning with Aries, there 
S XT the day to the north, in the hemisphere of 
zy Oi ing to distance north—and a correspond- 
> nig ght ; i in the — of the demons, the 


re olution beginning with Libra, both the 
of day and night i in the two hemispheres are 
7. (he method. of determining them, * which is 
"e pm (deca) and declination, has been 


arth s circumference by the sun’s declina- 


tion in. x » by the number of degrees in a circle : 


87 





Paid result; in yojanas, is the distance from the place of no latitude 


= where the sun is passing overhead. 





60. Subtract from a quarter of the earth's circumference 
the number of yojanas thus derived from the greatest declination : 
at the distance of the remaining number of yojanas 


61. There occurs once, at the end of the sun's half-revolution 
from solstice'to solstice, a day of sixty nádis, and a night of the 
same length, mutually opposed to one another, in the two hemi- 
spheres of the gods and of the demons. 


62. In the intermediate region, the deficiency and excess of 
day and night are within the limit of sixty nadis ; beyond, this 
sphere of asterisms (bha) revolves perversely. 

63. Subtract from a quarter of the earth's circumference the 
number of yojanas derived from the declination found by the sine 
of two signs : at that distance from the equator the sun is not seen, 
in the hemisphere of the gods, when in Sagittarius and Capricorn ; 

64. So also, in the hemisphere of the demons, when in 
Gemini and Cancer: in the quarter of the earth's circumference 
where her shadow is lost, the sun may be shown to be visible. 

65. Subtract from the fourth part of the earth's periphery 
(kakshá) the number of yojanas derived from the declination found 
by the sine of one sign: at the distance from the place of no 
latitude of the remaining number of yojanas, 

66. The sun, when situated in Sagittarius, Capricorn, 
Scorpio, and Aquarius, is not seen in the hemisphere of the gods ; - 
in that of the demons, on the other hand, when in the four signs 
commencing with Taurus. 

67. At Meru, the gods penola the sun, after but a single 
rising, during the half of his revolution beginning with Aries ; the 
demons in like manner, during that beginning with Libra. d 

68. The sun, during his northern and southern progresses 
(ayana) revolves directly over a fifteenth part. of the earth's cir- 
cumference, on the side both of the gods and of the demons. 

69. Between those limits, the shadow is cast both ——— 
ana northward ; — them, it falls toward the — of ei ither 
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70. When passing overhead at Bhadragva, the sun is rising 
in Bharata: it is moreover, at that time, midnight in Ketumala, 
and sunset in Kuru. 

71. In like manner also he produces, by his revolution, in 
Bharata and the other climes, noon, sunrise, midnight, and 
sunset, reckoning from east to west. 

72. To one going toward Meru, there take place an elevation 
of the pole (dhruva) and a depression of the circle of asterisms ; 
to one going toward the place of no latitude, on the contrary, 4 
depression of the former and an elevation of the latter. 


his detailed exposition of the varying relations of day and night in 
different parts of the globe is quite creditable to the ingenuity, and the 
distinctness of apprehension, of those by whom it was drawn out. It is 
for the most part so clearly expressed as to need no additional explanations : 
we shall append to it only a few brief remarks. 

How far, in verse 46, a true statement is given of the cause of the 
heat of summer and the cold of winter, may be made a matter of some 
question: the word which we have translated '' nearness "’ (dsannatd) has 
no right to mean '° directness, perpendicularity,'' and yet, when taken in 
connection with the preceding verse, it may perhaps admit that signification. 
The second chapter shows that the Hindus knew very well that the sun is 
actually nearer to the whole earth in winter, or when near his perigee, 
than in summer. 

The expression ayanánta, `° at the end of an ayana,'" employed in 
verses 51 and 61, and which we have rendered by a paraphrase, might 
perhaps have been as well translated, briefly and simply, “° at either 
solstice." Probably ayana, as used in the sense of '' solstice '' (see above, 

| end of note to iii. 9-12), is an abbreviated form of ayanánta, like jyd for 
p) jyárdha (iü. 15-27), and aksha for akahonnati (i. 60). 

In verse 55, we have translated by '' toward the right '' and '* toward 

the left `" the adverbs savyam and apasavyam, which mean literally '* left- 
wise ' and '' right-wise ''; that is to say, in such a manner that the left 
side or the right side respectively of the thing making the revolution is 
turned toward that about which the revolution is made, this being the 


— "The natural measure of the day and of the night is assumed in verse 

56 ete. to be the half of a whole day, or thirty nádis, and any deviation 
from that nc egarded as an excess (dhana, vrddhi) or a deficiency 
e former processes referred to at the end of verse 
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We have already above (note to i. 63-65) called attention to the fact 
that all the Hindu measurements of longitude and latitude upon the earth's 
surface are made in yojanas, and not in degrees. 

The expression '' perversely '' (eiparita) in verse 62 is explained by 
the commentator to mean ''in such manner that the rules as already 
given cannot be applied '"'; since the sine of the ascensional difference 
(cara—see ii. 61) as found by them would be greater than radius. 

The latter half of verse G4 is obscure: its meaning seems to be, as 
explained by the commentator, that over a corresponding portion of the 
earth’s surface in the contrary hemisphere the sun is continuously visible 
during the same period, the shadow of the earth, which is the cause of 
night, not covering that portion. 


13. "The circle of asterisms, bound at the two poles, impelled 
by the provector (pravaha) winds, yevolves eternally : attached to 
that are the orbits of the planets, in their order. 

74. The gods and demons behold the sun, after it is once 
risen, for half a year ; the Fathers (pitaras), who have their station 
in the moon, for a half-month (paksha) ; and men upon the earth, 
during their own day. 

15. The orbit (kakshá) of one that is situated higher up is 
large; that of one situated lower down is small. Upon a great 
orbit the degrees are great; so also, upon a small one, they are 
small. | 

76. A planet situated upon a small circuit (bhramana) 
traverses the circle of constellations (bhagana) in a little time ; one 
revolving on a large circle (mandala), in a long time. 

77. The moon, upon a very small orbit, makes many revolu- 
tions: Saturn, moving upon a great orbit, makes, as compared 
with her, a much less number of revolutions. 


The connection and orderly succession of subjeets is by no means 
strictly maintained in this part of the chapter. The seventy-fourth verse 
is palpably out of place, and is, moreover, in great part superfluous; for 
the statement contained in its first half has already twice been made, in 
verses 45 and 67, and in the latter passage in nearly the same terms ns 
here: its last specification, too, is of a matter too obvious to call for notice. 
Nevertheless, the verse cannot well be spared from the chapter, since it 
contains the only answer which is vouchsafed to the question of verse 5, 
above, respecting the day and night of the Fathers. In the assignment of 
the different divisions of time, as single days, to different orders of beings, 
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m the month has been given to the pitaras, '" Fathers," or manes of the 
— departed, and they are accordingly located in the moon, each portion of 
whose surface enjoys à recurrence of day and night once in each lunar month. 
‘The next following verses, 75 to 77, are a rather unnecessary amplification 
e of the idea already expressed in i. 26-27; but they answer well enough here 
~~ 85 special introduction to the detailed exhibition of the measurements of the 
E . planetary orbits which is to follow. Before that is brought in, however, 
b.- we have the connection again broken, by the intrusion of the two following 
. werses, respecting the regents of years, months, days, and hours. 


e | 78. Counting downward from Saturn, the fourth successive- 
— ly is regent of the day ; and the third, in like manner, 1s declared 


to be the regent of the year ; 
r 79. Reckoning upward from the moon are found, in succes- 
sion, the regents of the months; the regents of the hours (hora), ` 
























also, occur in downward order from Saturn. 

Brive This passage appears to be intr lueed here as answer to the inquiry 

d be propounded in verse 6, above. Imnstead, however, of explaining why the 

different divisions of time are placed under the superintendence and pro- 

; tection of different planets, the text contents itself with reiterating in a 

x different form, what had already been said before (i. 51-52) respecting the 
A order of succession of the regents of the successive periods; but adding 


x also the important. and significant specification respecting the hours, or 
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nty-fourths of the day. We have sufficiently illustrated the subject, in 
y on with the other passage; we will only repeat here that, the 
being regarded as standing in the order in which they are mentioned 
in [ , 81, above, their successive regency over the hours is the one 
ental fact upon which all the rest depend, each planet being con- 
iz rd 4 o of the day whose first hour is placed under his charge, 
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an. af this be divided by the number of revolutions of any 
planet in an ZEon (kalpa), the result will be the orbit of that 


planet: divide this by the number of terrestrial days, and the 


= result is the daily eastward motion of them all. 


83. Multiply this number of yojanas of daily motion by the 
orbit of the moon, and divide by a planet's own orbit ; the result 
is, when divided by fifteen, its daily motion in minutes. 


84. Any orbit, multiplied by the earth's diameter and 
divided by the earth's circumference, gives the diameter of that 
orbit; and this, being diminished by the earth's diameter and 
halved, gives the distance of the planet. 


85. The orbit of the moon is three hundred and twenty-four 
thousand yojanas: that of Mercury's conjunction (cighra) is one 
million and forty-three thousand, two hundred and nine : 


86. That of Venus s conjunction (cighra) is two million, six 
hundred and sixty-four thousand, six hundred and thirty-seven : 
next, that of the sun, Mercury, and Venus is four million, three 
hundred and thirty-one thousand, five hundred : 


87. That of Mars, too, is eight million, one hundred and 
forty-six thousand, nine hundred and nine; that of the moon's 
apsis (ucca) is thirty-eight million, three hundred and twenty- 
eight thousand, four hundred and eighty-four : 


88. That of Jupiter, fifty-one million, three hundred and 
seventy-five thousand, seven hundred and sixty-four : of the moon's 


node, eighty million, five hundred and seventy-two thousand, eight 
hundred and sixty-four : 


89. Next,of Saturn, one hundred and twenty-seven million, 
six hundred and sixty-eight thousand, two hundred and fifty-five : 
of the asterisms, two hundred and fifty-nine million, eight hundred 
and ninety thousand, and twelve : 


90. The entire circumference of the sphere of the Brahma- 
egg is eighteen quadrillion, seven hundred and twelve trillion, 
eighty billion, eight hundred and — million : within this [ 
is the pervasion of the sun' LI ike] ? E 
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We present below the numerical data given in these verses, in a form 
easier of reference and of comparison with the like data of other treatises : 


Planet etc. Orbit, in yojanas. 

Moon, 324 ,000 

» apais, 38,328,484 

s, node, 80,572,864 
Mercury (conjunction), 1.043,209 
Venus (conjunction), 2 664,637 
Sun, 4,331,500 
Mars, 8,146,009 
Jupiter, 51,375,764 
Saturn, 127 668,255 
Aateriams, 250 890,012 
Universe, 18,712,080 564 ,000,000 


We have already more than once (see above, notes to i. 25-27, and 
iv. 1) had occasion to notice upon what principles the orbits of the planets, 
as here stated, were constructed by the Hindus. That of the moon (see 
note to iv. 1) was obtained by a true process of calculation, from genuine 
data, and is a tolerable approximation .to the truth: all the others are 
manufactured out of this, upon the arbitrary and false assumption that the 
mean motion of all the planets, each upon its own orbit, is of equal absolute 
amount, and hence, that its apparent value in each case, as seen by us, 
is inversely as the planet's distance, or that the dimensions of the orbit 
aro directly as the time employed in traversing it, or as the period of 
sidereal revolution. These dimensions, then, may be found by various 
methods: upon dividing the circumference of the moon's orbit by her time 
of sidereal revolution, we obtain as the amount of her daily motion in 
yojanas 11,858.717 nearly (more exactly 11,858.71693 +); and multiplying 
. this by the time of sidereal revolution of any planet, we obtain that planet's 
orbit. This is equivalent to making the proportion 
moon s sid, rev. : planet's sid, rev. :: moon's orbit : planet'a orbit 


m" 


» | And since the times of sidereal revolution of the planets are inversely 
ms the number of revolutions made by them in any given period, this 
= proportion, again, is equivalent to 


N- s a". ] Ph à 
E . planet's no. of rev. in an JEon: moon's do. :: moon's orbit : planet's orbit 
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There is one feature of the system exposed in this passage which to 
us is hitherto quite inexplicable: it is the assignment to the asterisms of 
an orbit sixty times as great as that of the sun. This, according to all the 
analogies of the system, should imply a revolution of the asterisms east- 
ward about the earth once in each period of sixty sidereal years. The 
same orbit is found allotted to them in the Siddhánta-Ciromani (Ganitüdhv., 
iv. 5), and it is to be looked upon, accordingly, as an essential part of the 
general Hindu astronomical system. We do not see how it is to be brought 
into connection with the other doctrines of the system, or what can be its 
origin and import—unless, indeed, it be merely an application to the 
asterisms, in an entirely arbitrary way, of the general law that everything 
must be made to revolve about the earth as a centre. We have noticed 
above (note to iii, 9-12) its inconsistency with the doctrine of the precession 
adopted in this treatise. 


The dimensions of the several orbits stated in the text are for the 
most part correct, being such as are derived by the processes above explained 
from the numbers of sidereal revolutions given in a former passage (1. 29-34). 
here is, however, one exception: the orbit of Mercury, as so derived, is 
1.048.207.8. and the number adopted by the text—tvhich rejects fractions 
throughout, taking the nearest whole number—should be, accordingly, 
—908, and not—209. If we took as divisor the number of Mercury's revolu- 
tions in an Æon as corrected by the bija (see note to i. 29-34), we should 
actually obtain for his orbit the value given it by the text; the exact quotient 
being 1,048,208.78. But as none of the other orbits given are such as 
would be found by admitting the several corrections of the bija, it seems 
preferable to assume that the text has at this point become corrupt, or else 
that the author of the chapter made a blunder in one of his calculations.” 


The value of a minute of arc upon the moon's orbit being fifteen 
yojanas (see note to iv. 2-8), the value, in minutes, of any planet's mean 
daily motion may be readily found from its orbit by the proportion of which 
the rule given in verse 83 is a statement, as follows: as the distance, or 
the orbit, of the planet: in question is to that of the moon, so is the moon s 
mean motion in minutes, or 11,858.717 + 16, to that of the planet. 


In verse 84 we are taught to calculate the distance of any planet from 
the earth's surface: in order to this, we are first to find the diameter of 


*'The last six verses of the chapter, which contain the numerical data, may very 
possibly be a lster addition to its original content : the Ayin-Akbari (as translated by 
Gladwin), in ita account of the astronomy of the Hindus, which it profeasedly bases upon 
the Sfirys-Siddhénta, gives these orbita (Bvo. edition, London, 1800, ii. 306), but with 
the fractional parte of yojenas, as M independently derived from the data and by the 
rules of the text: the orbit of Mercury it states correctly, ss 1,043,207] yojauas. 























pes "us — orbit, denti: as the ratio of the diameter to the circum- 
ference, that of the diameter to the circumference of the earth—the for- 
mer, of course, as calculated (i. 59) by the false ratio of 1: y 10. After being 
B aunt; of so gross an inaccuracy, it is quite superfluous, and a mere affecta- 
f M o of exactness, to take into account so trivial a quantity as the radius 
of the earth, in estimating the planet's distance from the earth. 
+ In the doctrine of the orbits of the planets, as here laid down, we 
— more a total negation of the reality of their epicyclical motions, 
nd of their en? varying distances from the earth in different parts 
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CHAPTER XIII. 
Or THE ARMILLARY SPHERE, AND OTHER INSTRUMENTS. 


CoNTENTS :—1-13, construction and equipment of the armilary sphere; 18-15, position of 


certain points and sines upon it; 15-16, its adjustment and revolution; 17-25, other 
instruments, especially for tbe determination of time. 


1. Then, having bathed in a secret and pure place, being 
pure, adorned, having worshipped with devotion the sun, the 
planets, the asterisms ( bha), and the elves (quhyaka), 


2. Let the teacher, in order to the instruction of the pupil— 
himself beholding everything clearly, in accordance with the 
knowledge handed down by successive communication, and learned 
from the mouth of the master (quru)— 


3. Prepare the wonder-working fabric of the terrestrial and 
stellar sphere (bhübhagola). 


We have already remarked above (note to xii. 1-9) that the sulject 
of this chapter is one respecting which no inquiries were addressed at 
the beginning of the preceding chapter by the recipient to the communi- 
cator of the revelation, and that the chapter accordingly wears in some 
measure the aspect of an interpolation. It comes in here ns furnishing 
a means of illustrating to the pupil the mutual relations of the earth 
and the heavens as explained in the last chapter—and yet not precisely 
as there explained; for it gives a representation only of the earth and 
of the one starry concave upon which the apparent movements of all 
the heavenly bodies are to be traced, and not of the concentric spheres 
and orbits out of which the universe has been declared to be constructed. 
'Phe chapter has a peculiar title, unlike that of any other in the treatise: 
it is styled jyotishopanishadadhydya, '' lection of the astronomical Upani- 
shad.” Upanishad is the name ordinarily given to such brief treatises, 
of the later Vedic period, or of times yet more modern, as are regarded 
as inspired sources of philosophical and theological knowledge, and are 
looked upon with peculiar reverence: its application to this chapter 1s 
equivalent to an assumption for it of especial sanctity and authority. It 
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may possibly also indicate that the chapter is originally an independent 
treatise, incorporated into the text of the Sürya-Siddhànta. 

The word bha, in verse 1, may mean either the asterisms proper 
(nakshatra), or the signs (rági), and is explained by the commentator as 
intended to include both. ‘The guhyakas, ` secret ones," are a class of 
demigods who attend upon Kuvera, the god of wealth, and are the 
keepers of his treasures: why they are mentioned here, as objects of 
especial reverence to the astronomical teacher, is not obvious. The com- 
mentator explains the word by ` Yakshas etc., lesser divinities.” In our 
translation of verse 3 we have followed the reading of the published 
text, which Colebrooke also appears to have had before him: our own 
manuscripts read, instead of bhibhagola, bhümigola and bhumergola, 
' sphere of the earth '' simply. 

Colebrooke, in his essay On the Indian and Arabian Divisions of the 
Zodiac (As. Res., ix. 323 etc.; Essays, ii. 921 eto.) to which we have 
already so often had occasion to refer, gives à translation of part of this 
chapter, from íhe beginning of the third to the middle of the thirteenth 
verse, as also à brief sketch of the armillary sphere of which the con- 
struction is taught in the Siddhánta-Giromani. He farther furnishes a 
deseription, and a comparison with these, of the somewhat similar in- 
struments employed by the Greeks, the Arabs; and the early European 
astronomers. It has not seemed to us worth while to extract these 
descriptions and comparisons, or to draw up others from independent and 
original sources: the object of the Hindu instrument is altogether differ- 
ent from that of the others, since it is intended merely as àn illustration 
of the positions and motions of the heavenly bodies, while those are 
^ meant to subserve the purposes of astronomical observation; and its 
relation to them is determined by this circumstance: while it, of course, 
| possesses some of the circles which enter into the construction of the 
others, it is, upon the whole, a very different and much more complicated 
and cumbersome structure. There is nothing in the way of supposing 
that the first hint of its construction may have been borrowed from the 
instruments of western nations: but, on the other hand, it may possibly 
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admit also of being regarded as an independent Hindu device. 
3. . . . Having fashioned an earth-globe of wood, of the 


; "UT TM Fix a staff, passing through the midst of it and protruding 
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‘The fixing of a solid globe of wood, representing tbe earth, in the 
of this instrument, is of itself enough to render impracticable its 
to purposes of astronomical observation. For Meru, the 

poles of the eurth, see verse 34 of the preceding chapter. We 

| informed of what relative size the globe and the encompassing 
hoops are to be made; probably their relation is to be such ¿hat the 
globe will be a small one, contained within an ample sphere. The two 

'" supporting hoops," to which are to be attached all the numerous par- 

allels of declination hereafter described, are, of course, to be fastened to 

the axis at right angles to one another, and to represent the equinoctial 
and solstitial colures. The commentary directly prescribes this, and the 

text also assumes it in a later passage (v. 10). 

Colebrooke, following the guidance of the commentators, treats the 
former half of verse 5 as belonging to the following passage, instead of 
the preceding. It can, however, admit of no reasonable question that 
the connection as established in our translation is the true one: it is 
demanded by the natural construction of the verses, and also yields a 
decidedly preferable sense. 





5. . . . Farther—by means of the several day-radi, as 
adapted to the scale established for those other circles, 


6. And by means of the degrees of declination and latitude 
(rikshepa) marked off upon the latter—at their own respective 
distances in declination, according to the declination of Aries ete., 
three 


7. Hoops are to be prepared and fastened : these answer also 
inversely for Cancer, ete. In the same manner, three for Libra 
etc., answering also inversely for Capricorn, etc., 

8. And situated in the southern hemisphere, are to be made 
and fastened to the two hoop-supporters. . . . 


‘The grammatical construction of this passage is excessively cumbrous 
and intricate, and we can hardly hope that the version which we have 
given of it will be clearly understood without farther explanations. Its 
meaning, however, is free from ambiguity. We have thus far only three 
of the circles out of which our instrument is to be constructed, namely 
those intended to represent the two colures and the equator: we are ` 
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nt the end of Taurus and at the beginning of Leo, and one for the sun 
at the end of Gemini and the beginning of Cancer, or nt the solstice : 
also, in the southern hemisphere, three others corresponding to these. 
he dimensions of which they must be made are to be determined by 
their several radii (which are called day-radii—see above, i. 60), as 
ascertained by calculation and reduced to the same scale upon which the 
colures and equator were constructed. They are then to be attached to 
the two general supporting hoops, or colures, each at its proper distance 
from the equator; this distance is ascertained by calculating the decli- 
nation of the sun when at the points in question, and is determined 
upon the instrument by the graduation of the two supporting hoops. 
This graduation is in the text called that for declination (krdnti) and 
latitude (vikshepa): it will be remembered that, according to Hindu 
* usage, the latter means distance from the ecliptic as measured upon a 
— — circle of declination. 
u ^ —8.... Those likewise of the asterisms (bha) situated in the 
— —  gouthern and northern hemispheres, of Abhijit, 
—* 9. Of the Seven Sages (saptarshayas), ol Agastya, of 
| Brahma etc., are to be fixed. . . . 
e If the orders given in these verses are to be strietly followed, our 
instrument must now be burdened with forty-two additional circles of diurnal 
; revolution, namely those of the twenty-seven junction-stars (yogatdrd) 
of the asterisms and of that of Abhijit—which is here especially men- 
+g tioned, as not being always ranked among the asterisms (see above, 
| p. 240 ete.)—those of the seven other fixed stars of which the positions 
no stated in the eighth chapter (vv. 10-12 and 20-21), and also those 
Per of the Seven Sages, or the conspicuous stars in Ursa Major (see end of 
a the last note to the eighth chapter). Such impracticable directions, 
RE J however, cannot but inspire the suspicion that the instrument may never 
. have been constructed except upon paper. 
< 9... . . Just in the midst of all, the equinoctial (cdishucati) 
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: 10. Above the points of intersection of that and the support- 
ing -hoops are the two solstices (ayana) and the two equinoxes 


rx — 7 noticed (note to iii, 6) that the celestial equator 
= à * * Nds. erus from the equinoxes through which it passes. Tt seems a 
aa G A aika e that the adjustinent af the hoop representing it to the two 
supporting boops, which we should naturally regard as the first step in 
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* th » const uction of the instrument, is here assumed to be deferred until 
x aft sr all the other circles of declination are fixed in their places. 
n cs The word translated '' above "” (ûrdhvam) in verse 10 requires to be 
E understood in two very different senses, as is pointed out by the com- 
» mentator, to make the definitions of position of the solstices and of the 
equinoxes both correct: the latter are situated precisely at the intersec- 
tion of the equinoetial colure with the equator; the former at a distance 
of 24° above and below the intersection of the equator with the other 
colure, or at the intersection of the colure with the third parallel of the 
sun's declination, on either side of the equator. 

We are next taught how to fix in its proper position the hoop which 

is to represent the ecliptic. | 





10. . . . From the place of the equinox, with the exact 
number of degrees, as proportioned to the whole circle, 


11. Fix, by oblique chords, the spaces (kshetra) of Aries and 
the rest: and so likewise another hoop, running obliquely from ` 
solstice (ayana) to solstice, 


12. And called the circle of declination (Kránti): upon that 
the sun constantly revolves, giving light : the moon and the other 
planets also, by their own nodes, which are situated in the ecliptic 
(apamandala), 


13. Being drawn away from it, are beheld at the limit of 
their removal in latitude (vikshepa) from the corresponding point 
of declination. . . . 


Instead of simply directing that a circle or hoop, of the same dimen- 
sions as those of the equator and colures, be constructed to represent the 
ecliptic, and then attached to the others at the equinoxes and  solstices, 
the text regards it as necessary to fix, upon the six diurnal circles of 
the sun of which the construction and adjustment were taught above, 
in verses 5-8, the points of division of all the twelve signs, before 
the ecliptic hoop can be added to the instrument. In the compound 
liryagjyá, in verse 11, which we have rendered “ oblique chords," we 
conceive jyá to have its own more proper meaning of "' chord,” instead of 
that of '' sine," which, by substitution for jyárdha (see note to ii. 15-27, 
near the end), it has hitherto uniformly borne. We are to ascertain by — 
calculation the measure of the chord of 30^, to reduce it to the scale Okt 4 
dimensions adopted for the other great circles of the instrument, and — 


then, commencing from either equinox, to lay it off, in an oblique direv — 
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fixing the positions upon them of the initial and final points of the 
twelve signs; and through all these points the ecliptic hoop is to be 
made to pass. | 

It does not appear that separate hoops for the orbits of the other 
planets, attached to the ecliptic at their respective nodes, are to be ndded 
to the instrument. 

In verse 12 we have a name for the ecliptie, apamandala, whieh does 
not occur elsewhere in the treatise. The word might be literally trans- 
lated `° off-circle,"" and regarded as designating the circle which deviates 
in direction from the neighbouring equator; but it is more probably an 
abbreviation for apakramamandala, which would mean, like the ordinary 
terms Krántimandala, krantivrtta, '' circle of declination.”’ 


` 


13. . . . The orient ecliptic-point (lagna) is that at the 
orient horizon ; the occident point (astamqachat) is similarly deter- 
mined. 


14. The meridian ecliptic-point (madhyama) is as calculated 
by the equivalents in right ascension (lankodayds), for mid-heaven 
(khamadhya) above. The sine which is between the meridian 

š (madhya) and the horizon (kshitija) is styled the day-measure 
|». (antyd). 


* 15. And the sine of the aun's ascensional difference 
—* (caradala) is to be recognized as the interval between the equator 
y (wishuvat) and the horizon. . . . 
b <. These verses contain an unnecessary and fragmentary, as also a con- 


up atm fused and blundering, definition of the positions upon the sphere of u 
|. few among the points and lines which have been used in the calculations 
n m of the earlier parts of the treatise. We are unwilling to believe that 
< the passage is anything but a late interpolation, made by an awkward 
a hand, For the point of the ecliptic termed lagna, or that one which is 
j * at any given moment passing the eastern horizon. or rising, see iii. 46-48, 
Y and note upon that passage. The like point ot the western horizon, 
—— which the commentator here calls astalagna, ** lagna of setting,” and 
a E which the text directs us to find ** in a corresponding manner,'' has never 
|... been named or taken into account anywhere in the treatise: we have 
|. semn nbove (as for instance, in ix. 4-5) that all its processes into which 
J distance in ascension enters ns an element are transferred for ealeulation 
— fron the oc ident to the orient horizon. For madhyalagna, the point 
| the ecliptic situated upon the meridian, see above, ii. 49 and note. 

ugh we have ordinarily translated the term by '' meridian ecliptic- 
this being a convenient and exact definition of the point actually 









referred to, we do not regard the word madhya, occurring in it, ns mean- 
ing © meridian " in the sense in which it is used in modern astronomy, 
namely the great circle passing through the observer's zenith and the 
north and south points of his horizon, For it deserves to be noted that 
the text has no distinctive name for the meridian, and nowhere makes 
any reference to it as a circle on the sphere: it will be seen just below 
that, while the position of the horizon is defined, the meridian is not 
contemplated as a circle of sufficient consequence to require to be repre- 
sented upon the illustrative armillary sphere. The commentator not 
very infrequently has occasion to speak of the meridian, and styles it 
yadmyottaravrtta, `` south and north circle," or Zürdhvayámyottaravrtta, 
‘uppermost south and north circle.” In the latter half of verse 14, 
where we have translated madhya by '' meridian,’’ it would have been 
more exact to say '' mid-heaven,'' or ** the sun at the middle of his visible 
revolution,” or ''the sun when at the point called madhyalagna."’ 
For the “` dav-measure '" (antyd), see above, iii. 34-36. Its definition 
given here is as bad as it could well be: for, passing over the fact that 
the line in question is not properly a sine, and moreover that the text 
does not tell us in which of the numberless possible directions it is to be 
drawn from the meridian to the horizon, the line which it is attempted 
to describe is not the one which the treatise regards ns the antyd, but 
the correspondent of the latter in the small circle described by the sun. 
That is to say, the text here substitutes the line DA in Fig. 8, nbove 
(p. 101), for the line EG, A similar blunder is made in defining the 
sine of the sun's ascensional difference (carajyd): the line AB in the 
same figure, which is the '' earth-sine ” (kujyd, kshitijyá), is taken, in- 
stend of its equivalent in terms of a great circle, CG. Moreover, the 
text reads `` equator '" (vishurat—EC in the figure) here for ~ east and 
west hour-circle ” (unmandala—CP): the commentator restores the 
latter, and excuses the substitution by a false translation of the latter 
half of iii. 6, making it mean '' the east and west hour-circle is likewise 
denominated the equinoctial circle." | 

In verse 14, lankodayás ia substituted for the more usual term lanko- 
daydsavas (sec above, iii, 49, and note), in the sense of '' equivalents of 
the signs in right aseension,' literally, ` at Lanka,” 


15. . . . Having turned upward one's own place, the circle 
of the horizon is midway of the sphere. 


16. As covered with a casing (vastra) and as left uncovered, 
it is the sphere surrounded by Lokáloka. . . - 


The simple direction to turn upward one’s own situation upon the 
central wooden globe which representa the earth does not, it is evident, 
contemplate any very careful or exact adjustment of the instrument. 
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Verse 16 ig very elliptical and obscure in its expressions, but their 
general meaning is plain, and is that which is attributed to them by the 
commentator, ‘The proper elevation having been given to the pole of 
the sphere, a circle is by some means or other to be fixed about its 
midst, or equally distant from its zenith and nadir, to represent the 
horizon. ‘Then the part below is to be encased in a cloth covermg, the 
upper hemisphere alone being left open. As thus arranged, the sphere 
is, as it were, girt about by the Loküloka mountains. Lokaloka is, as we 
have seen above (note to xii. 32-44), the name of the giant mountain- 
range which, in the Puranie geography, is made the boundary of the 
universe: it is apparently so called because it separates the world (loka) 
from the non-world (aloka); and as out of the Puranic Meru the new 
astronomical geography makes the axis and poles of the earth, so out of 
these mountains it makes the yisible horizon. 

The '* wonder-working fabric of the terrestrial and stellar sphere "° is 
now fully constructed, and only requires farther, in order to its comple- 
tion as an edifying and instructive illustration of the relations of the 
heavens to the earth, to be set in motion about its fixed axis. 


16. . . . By the application of water is made ascertainment 
of the revolution of time. 

17. One may construct a sphere-instrument combined with 
quicksilver : this is a mystery ; if plainly described, it would be 
generally intelligible in the world. 

18. Therefore let the supreme sphere be constructed accord- 
ing to the instruction of the preceptor (guru). In each successive 
age (yuga), this construction, having become lost, is, by the Sun's 


19. Favor, again revealed to some one or other, at his 
pleasure. . . + 


` Here we have another silly mystification of n simple and compara- 
tively insignificant matter, like that already noticed at the end of the 
sixth chapter. The revolution of the machine of which the construction 
has now been explained, in imitation of the actual motion of the heavens 
out the earth, is something so calculated to strike the minds of the 

‘uninitiated with wonder, that the means by which it is to be accom. 
` ipl ied: must not be fully explained even in this treatise, lest they should 
become too gene known: they must be learned by eneh pupil directly 

‘from his teacher, as the latter haa received them by successive tradition, 
— — from the original and superhuman source whence they came. It is perfectly 
evident, tt at such a fabric could only be made to revolve in a rude and 
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should have marked time, and continued for any 
= he word which, upon the authority of the commentator, we have 
rendered ee water," in verse 16, is amrtasráva, literally '' having an im- 
mortal flow '": perhaps the phrase should be translated rather, “' by 
managing a constant current of water.'' 


19. . . . So also, one should construct instruments (yantra) 
in order to the ascertainment of time. 


20. When quite alone, one should apply quicksilver to the 
wonder-causing instrument. By the gnomon (canku), staff 


(yashti), arc (dhanus), wheel (cakra), instruments for taking the 
shadow, of various kinds, 


21. According to the instruction of the preceptor (guru), is 
to be gained a knowledge of time by the diligent. . . . 

The commentator interprets the first part of verse 20 in correspond- 
ence with the sense of the preceding passage: the application of mercury 
to a revolving machine, in order to give it the appearance of automatic 
motion, must be made privately, lest people, understanding the method 
too well, should cease to wonder at it. ‘The instruments mentioned in the 
latter half of the same verse are explained in the commentary simply by 
citations from the yantraédhydya, “ chapter of instruments,” of the 
Siddhinta-Ciromani (Goladhy., pp. 111-186, published edition). We will 


that of the sphere, or to tabular radius. 1 x 

tained, and its east and west and north and south diameters are drawn. 
From the former, at either extremity, | he. of a udi 
(agrá) ascertained by calculation for the given day: the points thus deter- 
mined upon the circumference of the circle represent the points on the 
horizon at which the sun rises and sets. Another c 
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then represents the place of the sun at the moment upon the sphere. 
Measure, by a stick, the distance of that extremity from the point of sunrise 
or of sunset: this will be the chord of that part of the diurnal circle which 
is intercepted between the sun's actual position and the point at which 
he rose, or will set: the value of the corresponding are in nàdis may be 

. ascertained by applying the stick to the lesser graduated circle. The result 
is the time since sunrise, or till sunset. 


The '' wheel ' (cakra) is a very simple instrument for obtaining, by 
observation, the sun's altitude and zenith-distance. It is simply a wheel, 
suspended by a string, graduated to degrees, having its lowest point and 
the extremities of its horizontal diameter distinctly marked, and with a 
projecting peg at the centre. When used, its edge is turned toward the 
sun, so that the shadow of the peg falls upon the graduated periphery, 
and the distances of the point where it meets the latter from the horizontal 
and lowest points of the wheel respectively are the required altitude and 
zenith-distance of the sun. From these, by the methods of the third 
chapter (iii. 87-89), the time may be derived. 

Tho '' are '' (dhanus) is the lower half of the instrument just described 
—or, we may also suppose, à quadrant of it; since only a quadrant is 
required for making the observations for which the instrument is employed. 


21. By water-instruments, the vessel (kapála), etc., by the 
peacock, man, monkey, and by stringed sand-receptacles, one may 
determine time accurately. 


92. Quicksilver-holes, water, and cords, ropes (çulba), and 
f oil and water, mercury, and sand are used in these : these applica- 
tions, too, are difficult. 

The instruments and methods hinted at in these verses are only par- 
tially and obscurely explained by the commentator. The kapdla, '' cup "' 
or“ hemisphere, '' is doubtless the instrument which is particularly des- 
cribed below, in verse 29. The nara, '* man,'' is also spoken of below, 
in verse 24, and is simply a gnomon; it ia perhaps one of a particular 

| construction and size, and so named from having about the height of a 

man. The peacock and monkey are obscure. The ''sand-vessels '' 

i  (renugarbha), which are ` provided with cords '' (sasütra), are probably 

 guspc "instruments, of the general character of our hour-glasses. The 

commentator connects them also with the ''peacock," as if the latter 

were a figure of the bird having such a vessel in his interior, and letting 
de he san nd pour out of his mouth. In illustration of the '' quicksilver-holes 

To BS ? r yap "m * js cited from the BSiddhánta- Ç iromani j (as above), 

in the deseription of an instrument in which they are applied. It is a 
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wheel, having on its outer edge a number of holes, of equal size, and at 
equal distances from one another, but upon a zig-zag line: these holes are 
filled half full of mercury, and stopped at the orifice: and it is claimed 
that the wheel will then, if supported upon an axis by a couple of props, 
revolve of itself. The application of this method may well enough be 
styled '' difficult ': if a machine so constructed would work, the Hindus 
would be entitled to the credit of having solved the problem of perpetual 
motion. The descriptions of one or two other somewhat similar machines 
are also cited in the commentary from the Siddhanta-Qiromam : the only 


new feature worthy of notice which they contain is the application of the 
siphon, or bent tube, in emptying a vessel of the water it contains. 

It will have been noticed that, throughout the whole of this chapter, 
the different parts or passages end in the middle of a verse. In the 
twenty-first verse the coincidence between the end of a passage and the 
end of a verse is re-established, but it is at the cost of such an irregularity 
as is nowhere else committed in the treatise: the verse is made to consist 
of three half-clokas, instead of two, the whole chapter being thus allowed 
to contain an uneven number of lines. There are two or three very super- 
fluous half-verses at the beginning of the chapter, the omission of any one 
of which would seem an easier and preferable method of restoring the 
regular and connected construction of the text. 


23. A copper vessel, with a hole in the bottom, set in a basin 
of pure water, sinks sixty times in a day and night, and is an 
accurate hemispherical instrument. 


This instrument appears to have been the one most generally and 
frequently in use among the Hindus for the measurement of time: it is the 
only one described in the Ayin-Akbari (ii. 802). One of the common 
names for the sixtieth part of the day, ghati or ghatiká, literally ‘* vesgel,'' 
is evidently derived from it: the other, nádi or nádiká, '' reed," probably 
designated in the first place, and more properly, à measure of length, and 
not of time. A verse cited in the commentary to this passage gives the form 
and dimensions of the vessel used: it is to be of ten palas’ weight of copper, 
six digits (angula) high, and of twice that width at the mouth, and is to 
contain sixty palas of water: the hole in the bottom through which it is 
to fill itself is to be such as will just admit a gold pin four digits long, and 
weighing three and a third máshas. The description of the Ayin-Akbari 
does not precisely ngree with this; and it is, indeed, sufficiently evident 
that nn instrument intended for such a purpose could not be accurately 
constructed by Hindu workmen from measurements alone, but would 
have to be tested by comparison with some recognized standard, or by 
actual use. 
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* 24. So also, the man-instrument (narayantra) is good in the 
a x iem and when the sun is clear. The best determination of 
= time by means of determinations of the shadow has been explained. 


@ 


Š | We have already noticed above, under verse 21, that the nara was & 
K. — simple gnomon. ‘The explanations here referred to are, of course, those 
Us are presented in the third chapter. 

—— — The concluding verse of the chapter is an encouragement held out to 


the ‘astronomical student. | 


— 95. He who thoroughly knows the system of the planets and 
asterisms, and the sphere, attains the world of the planets in the 


5. succession of births, his own possessor. 
— 
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CHAPTER NIV. 


Or THE DIFFERENT MODES OF RECKONING TIME. 


CowrENTS :—1-2, enumeration of the modes of measuring time, and general explanation 
of their uses; 3, solar time; 4-6, of the periods of eighty-six days; 7-11, of points 
and divisions in the sun's revolution; 12-13, lunar time; 14, time of the Fathers; 
15, sidereal time; 15-16, of the months and their asterisms ; 17, of the twelve-year 
cycle of Jupiter; 18-19, civil, or mean solar, time; 20-21, time of the gods, 
Prajápati, and Brahma; 22-26, conclusion of the work. 


1. The modes of measuring time (måna) are nine, namely 
those of Brahma, of the gods, of the Fathers, of Prajapati, of 


Jupiter, and solar (sáura), civil (sdvana), lunar, 


and  sidereal 
time. 


2. Of four modes, namely solar, lunar, sidereal, and civil 
time, practical use is made among men; by that of Jupiter is to 


be determined the year of the cycle of sixty years; of the rest, no 
use 1s ever made. 

This chapter contains the reply of the sun's incarnation to the last of 
the questions addressed to him by the original recipient of his revelation 
(see above, xii. 8). The word måna, which gives it its title of mdnd- 
dhyáya, and which we have translated '' mode of measuring or reckoning 
time,” literally means simply '' measure '': it is the same term which we 


have already (iv. 2-8) seen applied to designate the measured disks of the 
sun and moon. 


3. By solar (sáura) time are determined the measure of the 
day and night, the shadagitimukhas, the solstice (ayana), the 


equinox (vishuvat), and the propitious period of the sun's entrance 
into a sign (sankráünti). 


The adjective saura, which we translate ‘‘ solar," is a secondary 
derivative from sfirya, ` sun.” It is applied to those divisions of time 
which are dependent on and determined by the sun’s actual motion along 
the ecliptic. The '' day and night ' measured by it are probably those of 
the gods and demons respectively; see above, xii. 48-50. The solar year, 
as already noticed (note to i. 12-18), is sidereal, not tropical; it commences 
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whenever the sun enters the first sign of the immovable sidereal zodiac, or 
when he is 10 minutes east in longitude from the star ü Piscium. The 
solar month is the time during which he continues in each successive sign, 
er are of 80°, reckoning from that point. The length of the solar year 
and month is subject only to an infinitesimal variation, due to the slow 
motion, of 1! in 517 years, assumed for the sun’s line of apsides (see above, 
i. 41-44); but it is, as has been shown above (note to i. 29-34, near the end), 
somewhat differently estimated by different authorities. The precise length 
of the solar months, as reckoned according to the ‘Strya-Siddhanta, is 
thus stated by Warren (Kala Sankalita, p. 69): ! 


Duration of the several. Solar Months. 


— L e U U C —— LL 





No. Name. Duration. Sum of duration. 











ain wo ou as niv 


1 | Vàighkha, 30 5532 2 39| 30 55 32 2 39 
2 | JySishths, 319112 2 41| 62 19 44 5 20 

3 | Asbádha, 3136 38 2 "44| 93 66 22 4 

| 4 | Qrávans, 31 28 12 2 42]|195 24 3410 46 

5 | Bb&drapada, | 31 210 2 40°) 156 26 4 13 26 

' 6 | Açvina, 30 97 22 9 38 |186 54 616 41 

= q | Kárttika, 99 54 7 2 35/216 48 13 18 39 

— e | Müargsciraha, | £99004 2 38/26 18 38721 12 

| 9| Pšusha, 29 20 63 2 31 |275 39 30 25 43 
ben š 10 Mágha, a9 97 16 9 32/366 6 4626 15 M 

2 - | 11 | Ph&lguna, 29 48 94 2 33| 384 55 10 28 48 

5 M nA 12 | Cáitra, 30 20 21 2 36| 365 15 313 M 


— — —— 
The former passage (i. 12-13) took no note of any solar day; in this 
vr chapter, however, such a division of time is distinctly contemplated: it 
h * | s also recognized by the Siddhánta- Ciromani (Ganitüádhy., ii. 8), and 


T 
4 


Trt ; sano to be, for certain uses, generally accepted. The solar day is the 
. . Mme during which the sun traverses each suecessive degree of the ecliptie, 
Pu with his tr ye motion, and its length accordingly varies with the rapidity 
of his motion : three hundred and sixty such days compose the sidereal year. 
In order to determine the solar day corresponding to any given moment it 
is, of course, only necessary to calculate, by the methods of the second 


s P a “+ 
` 
š X w- Á h 3 
J 


tog 
















"EE u s. 








$ - - à * ,9 - 
j > o »- "aM P. EES 
` " J | 


312 ^ —  Sürya-Siddhánta 


chapter, the sun's true longitude for that moment. Hence it is a matter 
of very little practical account: all the periods regarded as determined by 
it may be as well derived directly from the sun's longitude, without going 
through the form of calling its degrees days. It is thus with the equinoxes, 
solstices, and entrances of the sun into a sign (sankránti, '* entrance upon 
connection with ''): for the latter, and for the continuance of the propitious 
influences which are believed to attend upon it, see below, verse 11. The 
shadacilimukhas form the subject of the next following passage. 


The manuscript without commentary inserts here the following verse: 
‘the day and night of the gods and demons, which is determined by 
the sun's revolution through the circle of asterisms (bhacakra), and the 


number of the Golden (krtía) and other Ages, as already stated, is to be 
known. '' 


4. Beginning with Libra, the shadagitimukha is at the end 
of the periods of eighty-six (shadagiti) days, in succession : there 


are four of them, occurring in the signs of double character (dvisva- 
bháva) ; 


5. Namely, at the twenty-sixth degree of Sagittarius, at the 
twenty-second of Pisces, at the eighteenth degree of Gemini, and 
at the fourteenth of Virgo. 


6. From the latter point, the sixteen days of Virgo which 
remain are suitable for sacrifices : anything given to the Fathers 
(pitaras) in them is inexhaustible. 


We have not been able to find anywhere any explanation of this 
curious division of the sun's path into ares of 86°, commencing from the 
autumnal equinox, and leaving an odd remnant of 16° at the end of Virgo. 
The commentary offers nothing whatever in elucidation of their character 
and significance, ‘The epithet * of double character "' (dvisvabháva) belongs 
to the four signs mentioned in verse 5; judging from the connection in which 
it is applied to them by WVaráha-Mihira (Laghujátakn, i. 8, in Weber's 
Indische Studien, ii. 278), it designates them as either variable (cara) or 
fixed (sthira), in some astrological sense. The term shadacilimukha is 
composed of shadagiti, ** eighty-six," and mukha, '' mouth, face, begin- 
ning." We do not understand the meaning of the compound well enough 
to venture to translate it. 


7. In the midst of the zodiac (bhacakra) are the two 


equinoxes (vishuvat), situated upon the same diameter (sama- s 
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sûtraga), and likewise the two solstices (awana); these four are 


ie well known. 
8. Between these are, in each case, two entrances 
(sankránti) ; from the immediateness of the entrance are to be 
known the two feet of Vishnu. 
| 9. From the sun's entrance (sankránti) into Capricorn, six 
| | months are his northern progress (uttardyana) ; so likewise, from 
Ji (the beginning of Cancer, six months are his southern progress 
— (da kshind gana). 
* Don. 10. Thence also are reckoned the seasons (rtu), the cool 
I Om E to. and the rest, each prevailing through two signs. 
— twelve; —— with Aries, are the months; of them 































me - L E A explains samasitraga, like samasitrastha above 
VA (xin. 52), to mean ‘situated at opposite extremities of the same diameter of. 
T enn or  untipodal to one another. | 
he technical term for the sun's entrance into a sign of the zodi1e is, 
oticed already, sankránti (the commentary also presents the equivalent 
gps of these there take place two between each equinox 
ad. be receding or following solstice. The latter half of verse 8 is quite 
|. obs cure. The commentator appears to understand it as signifying that, 
Z in each quadrant, the entrance (sankránti) immediately —— the 
AE fini or — is styled | 
y, Vishnu is the sun, especially considered as occupying successive- 
ee st: ations of the orient horizon, the meridian, and the occident 
and Kapa ee steps by which he strides through the sky are his 
ne " characteristic. ‘These three steps, then, appesr under 
c vi afi te later Vaishnava mythology, and there is plainly some 
a en : o to them in this designation of the sun's entrances into the signs. 
bt ° dt t would. em easiest and most natural to recognize in the three signs inter- 
ne ch e uinox and solstice Vishnu's three stops, and to 
n ib entrances na the marks of his feet this may 
ie. figure re inten ided to be conveyed by the language of the text. 


vri t 


d “means originally and literally any determined period of 
in the most. general sense of the term; but it has also 
dme early times to designate the various divisions 
e tre anciently reckoned as three, five, six, or seven; 
the only one in use in later times, is that 

ing divi e "lira, Vasanta, Grishma, Varsha, Carad, and 
A i d by cool season, spring, summer. 
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| — 2 nh “autumn, and Winter? gi icira. begins. with the month Magha, 
H 3 a about the middle of January (see note to i. 48-51, and the table given 

below, under vy. 15-16), and each season in succession includes two solar 
| months. ` 

11. Multiply the number of minutes in the sun's measure 
(måna) by sixty, and divide by his daily motion : a time equal to 
half the result, in nádis, is propitious before the sun's entrance 
into a sign (sankránti), and likewise after it. 


The propitious influences referred to above, in verse 8, as attending 
upon the sun's entrance into a sign, are regarded as enduring so long as 
any part of his disk is upon the pojnt of separation between the two signs. 
This time is found by the following proportion: as the sun's actual daily 
motion, in minutes, is to a day, or sixty nfdis, so is the measure of his 


disk, in minutes, to the time which it will occupy in passing the point 
referred to. 


12. As the moon, setting out from the sun, moves from day 
to day eastward, that is the lunar method of reckoning time 
(måna) : a lunar day (tithi) is to be regarded as corresponding to 
twelve degrees of motion. 

13. The lunar day (fith?), the karana, the general cere- ` 
monies, marriage, shaving, and the performance of vows, fastings, 
and pilgrimages, are determined by lunar time. 

14. Of thirty lunar days is composed the lunar month, 
which is declared to be a day and a night of the Fathers : the end 
of the month and of the half-month (paksha) are at their mid-day 
and midnight respectively. 


For the tithi, or lunar day, see above, ii. 66: for the karana, see 
ü. 67-69. For the month considered as the day of the pitaras, or manes 
of the departed, see note to xii, 73-77. Manu (i. 66) pronounces the day 
of the Fathers to be the dark half-month, or the fortnight from full moon 
to new moon, and their night to be the light half-month, or the fortnight - 

- from new moon to full moon, With this mode of division. might be made — 
to accord that stated in the latter part of verse 14, by rendering — — * 
between,“ instead of '' at the middle point of "we have translated 
— to the —— of the commentator. wa Eje ee 
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by the names of the asterisms (nakshatra), according to the con- 
junction (yoga) at the end of a lunar period (parvan). 

16. To the months Kárttika etc., belong, as concerns the 
conjunction (samayoga), the asterisms Krttika etc., two by two: 
but three months, namely the last, the next to the last, and the 
fifth, have triple asterisms. 


The subject of sidereal time, although one of prominent importance 
in the present treatise, since the subdivision of the day is regulated entirely 
by it, is here very summarily dismissed with half a verse, while we find 
appended to it in the same passage matters with which it has nothing 
properly to do. 


We have already (note to i. 48-51) had occasion to notice that the 
months are regarded as having received their names from the  asterisms 
(nakshatra) in which the moon became full during their continuance. 
According to Sir William Jones (As. Hes. ii. 206), it is asserted by the 
Hindus '' that, when their lunar year was arranged by former astronomers, 
the moon was at the full in each month on the very day when it entered 
the nakshatra, from which that month is denominated.’ Whether this 
assertion is strictly true admits of much doubt. Our text does not imply 
any such claim: it only declares that the month is to be called by the 
name of that asterism with which the moon is in conjunction (yoga) at the 
end of the parvan: this latter word might mean either half of a lunar 
month, but is evidently to be understood here, as explained by the com- 
mentary, of the light half (gukla paksha) alone, so that the end of the 
parvan (parvánta) is equivalent to the end of the day of full moon 
(pürnimánta), or to the moment of opposition in longitude. Now it is 
evident that, owing to the incommensurability of the times of revolution 
of the sun and moon, as also to the revolution of the moon's line of apsides, 
full moon is liable to occur in succession in all the asterisms, and at all 
points of the zodiac; so that although, at the time when the system of 
names for the months originated and established itself, they were doubtless 
strictly applicable, they would not long continue to be so. Instead, how- 
ever, of being compelled to alter continually the nomenclature of the year, 
we are allowed, by verse 16, to call a month Karttika in which the full of 


the moon takes place either in Krttikà or in Rohini, and so on; the twenty- 


seven asterisms being distributed among the twelve months as evenly as the 


nature of the case admits. 


At what period these names were first introduced into use is unknown. 
1t must have been, of course, posterior to the establishment of the system 


of asterisms, but it was probably not much later, as the names are found 


in some of the earlier texts which contain those of the nakshatras them- 
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selves. We can hardly suppose that they were not originally applied in- 
dependently to the lunar months; and certainly, no more suitable deriva- 
tion could be found for the name of a lunar period than from the asterism 
in which the moon attained during its continuance her full beauty and 
perfection. In later times, as we have already seen (note to i. 48-51), the 
true lunar months are entirely dependent for their nomenclature upon the 
solar months, according to the determination of the latter, as regards their 
commencement and duration, by the data and methods of the modern astro- 
nomical science, There has been handed down another system of names 
for the months (see Colebrooke in As. Res., vii. 284; Essays, i. 201), which 
have nothing to do with the asterisms: whether they are to be regarded as 
more ancient than the others we do not know. They are—commencing 
with the first month of the season Vasanta, or with that one which in the 
other system is called Cáitra—as follows: Madhu, Madhava, Cukra, Cucis 
Nabhas, Nabhasya, Isha, Urja, Sahas, Sahasya, Tapas, Tapasya. 

For the sake of a clearer understanding of the relations of the 


asterisms, months, and seasons, we present their correspondences below in n 
tabular form : 


Beason. Month, iah — 
f Eêrttika. Erttika. 
Varad UR ES 3 Robiņi. 
Márgaclrsha. ( Mrgaciraha. 
(Nov.-Dec.) Ardra. 
Hemanta. 
Phunsha. Punarvaau. 
(Dec.-Jan.) Pushya. 
Mágba f Acteshá. 
* (Jan.-Feb.) l Magha. 
ra 
Vis Pbálguna. E —— 
(Feb. Mar.) esta’ guni. 
pe Citra, 
(Mar.-Apr) Svat. 
V asanta ^ 
Vaichikha Vichkh 
(Aor Ma.) Anur$dh&. 
Jyhish Jyesbtb&. 
uos: ) ] Mala, 
on ; Asbidhe Ir A —— 
° ——— 
Qu — 
vapa. 
(Joly-Aug.) T 
V araba. Bhtdre Ix 
(Aug.- ) Lo. Bh&drapadà 
Qarad. í — Oc K : 
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uL Davis (As. Res., iii, 218) notices that some of the ancient astronomers 


have divided the asterisms somewhat differently, giving to Cråvaņa the three 
beginning with Cravana, to Bhadrapada the three beginning with Pürva- 
Bhádrapadá, and to Acvina only Agvini and Bharani. It seems, indeed, 
that the selection of the three months to which three asterisms, instead of 
two, were assigned, must have been made somewhat arbitrarily. 
1t will be noticed that in this passage Kárttika is treated as the first 
i of the series oi months, while above (v. 10) Q'içira was mentioned as the first 
senson, and while in practice (see note to i. 48-51) Váicákha is treated as 
the first of the solar months, and Caitra of the lunar. Another name for 
Márgagirsha, also, is Agrahayana, which appears to mean = commence- 
ment of the year.” How much significance these variations of usage may 
have, and what is their reason, is not known to us. As regards Vàiçàkha 
and Cáitra, indeed, the case is clear, and we may also regard the rank 
= assigned to Karttika as due to the ancient position of Krttika, as first among 
the lunar mansions. — | 


i 


17. In Våiçâkha etc., a conjunction (yoga) in the dark 
half-month (krshna), on the fifteenth lunar day (tithi), determines 
in like manner the years Karttika etc. of Jupiter, from his heliacal 
J setting (asta) and rising (udaya). 


We have already, in an early part of the treatise (i. 55), made ac- 
a cycle of the planet Jupiter. composed of sixty years, In 

troduced to our notice a second one, containing twelve 
ndi g to a single sidereal revolution of the planet. The 
hich its. nomenelature is based is very evident. Jupiter s 
ted as if, like that of the sun, it determined a year, and 
each quite nearly equalling a solar year (see note to i. 55), 
divided, are, by the same analogy, accounted as months, 
x the names of the solar months, The appellations 
in their order, we are directed to determine by 
hatra) in which the planet is found to be at the time of 
| n the sun's rays, and its disengagement from them : 
uld, of course, set and rise heliacally twelve times in each revolu- 
| eacl bout a month later than before. The name of the 
the month in which the rising 
six months farther 


the month is named from the asterism with 


A 5 s im opposition, but the year of the cyele from that with 
m onjunction. The terms in which the rule of the text 1s 
‘lincether unambiguous: there is no expr essed grammatical 


Mes two halves of Qo, verse, and we are compelled to 
"dud x ANE P”; f J ' 
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add in our translation the important word '' determines," which links 
them together. The meaning, however, we take’ to be as follows: if, in 
any given year, the heliacal setting of Jupiter takes place in the month 
Vaicikha, then the asterism with which the moon is found to be in con- 
junction at the end of that month—which will be, of course, the asterism 
in which the sun is at the same time situated—will determine the name 
of the year, which will be Karttika: and so on, from year to year, The 
expression '' in like manner,'' in the second half of the verse, is interpreted 
as implying that to the years of this cycle is made the same distribution 
of the asterisms as to the months in the preceding passage: the second 
and third columns of the last table, then, will apply to the cycle, if we 
alter their headings respectively, from '' month '' to '' year of the cycle,” 
and from `` asterisms in which full moon may occur ” to '' asterisms in 
which Jupiter's heliacal setting and rising may occur.” 

'l'here is one untoward circumstance connected with this arrangement 
which is not taken into aecount by the text, and which appears to oppose 
a practical difficulty to the application of its rule. The amount of Jupiter's 
motion during a solar year is not precisely one sign, but perceptibly more 
than that, so that the mean interval between two successive heliacal 
settings is a little more than a solar month; and this difference accumulates 
so rapidly that the thirteenth setting would take place about four degrees 
farther eastward than the first, so that, without some system of periodical 
omissions of a month, the correspondence between the names of the years, 
if applied in regular succession, and the asterisms in which the planet 
disappeared would, after a few revolutions, be altogether dislocated and 
broken up. If the cycle were of more practical consequence, or if it were 
contemplated as one of the proper subjects of this treatise, we might expect 
to find some method of obviating this difficulty prescribed. Warren, how- 
ever, in his brief account of the cycle of twelve years (Kala Sankalita, 
p. 212 etc.), states that he knows of no nation or tribe making any use of 
it, but only finds it mentioned in the books. According to both him and 
Davis (As. Res., ii. 217 ete.), the cycle of twelve years is subordinate to 
that of sixty, the latter being divided imto five such cycles, to which 
special names are applied, and of each of which the successive years receive 
in order the titles of the solar months. "The appellations of the cycles 
themselves are those which properly belong to the years of tho lustrum 
(yuga), or cycle of five years, by which, as already noticed (note to i. 56-58), 
the Hindus appear first to have regulated time, and effected by intercala- 
tion the coincidence of the solar and lunar years: they are Samvatsara, 
Parivatsara, Idavateara, Idvatsara (or Anuvatsara), and Vatsara (or 
Idvatsara, or Udravatsara). It would appear, then, either that the cycle 
of sixty years was derived from and founded upon the ancient lustrum, 
being an imitation of its construction in time of the planet Jupiter, of 
which a month equals a solar year, or else that the already existing cycle 
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had been later fancifully compared with the lustrum, and subdivided after 
its model into sub-cycles for years, and years for months: of these two 
suppositions we are inclined to regard the latter as decidedly the more 
probable. 


18. From rising to rising of the sun, that is called civil 
(sdvana) reckoning. By that are determined the civil days 
(sávana), and by these is the regulation of the time of sacrifice ; 


19. Likewise the removal of uncleanness from child-bearing 
etc., and the regents of days, months, and years : the mean motion 
of the planets, too, is computed by civil time. 


The term süvana we have translated '' civil,” as being a convenient 
way of distinguishing this from the other kinds of time, and as being very 
properly applicable to the day as reckoned in practical use from sunrise 
to sunrise: in the more general sense, as denoting the mode of reckoning 
the mean motions of the planets, and the regency of successive periods, 
sdvana corresponds to what we call " mean solar '" time. ‘The word itself 
seems to be a derivative from savana, “` libation,'" the three daily savanas, 
or the sunrise, noon, and sunset libations, being determined by this. 
reckoning. 


20. The mutually opposed day and night of the gods (sura) 
and demons (asura), which has been already explained, is time 


^ 


|. ol the gods, being measured by the completion of the sun's 


revolution. 


21. The space of a Patriarchate (manvantara) is styled time 
of Prajápati : in it is no distinction of day from night. An Æon 
(kalpa) is called time of Brahma. 


| It may well be said that the mode of reckoning by time of the gods 
P has been already explained: the length of a day of the gods, with the 
| termination, has been stated and dwelt upon, in almost 
over and over again (see i. 13-14; xii. 45-50, 67, 74; 

| verse after xiv. 3), almost as if it were so new and 
d and bear repeated inculcation. For the 

od of 808,448,000 years, see above, i. 18: 
unit of time which the treatise contains. 
of 4,320,000,000 years, us constituting a day of 












erses are simply the conclusion of the treatise. 
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29. Thus hath been told thee that supreme mystery, lofty 
and wonderful, that sacred knowledge (brahman), most exa!ted, 
pure, all guilt destroying ; 


23. And the highest knowledge of the heaven, the stars, and 
the planets hath been exhibited : he who knoweth it thoroughly 
obtaineth in the worlds of the sun etc. an everlasting place. 


24. With these words, taking leave of Maya, and being suit- 


ably worshipped by him, the part of the sun ascended to heaven, 
and entered his own disk. 


25. So then Maya, having personally learned from the sun 
that divine knowledge, regarded himself as having attained his 
desire, and as purified from sin. 


26. Then, too, the sages (rshi), learning that Maya had 
received from the sun this gift, drew near and surrounded him, and 
reverently asked the knowledge. 


27. And he graciously bestowed upon them the grand system 
of the planets, of mysteries in the world the most wonderful, and 
equal to the Scripture (brahman). 


The Sürya-Siddhánta, in the form in which it is here presented, as 
accepted by Hanganátha and fixed by his commentary, contains exactly 
five hundred verses. This number, of course, cannot plausibly be looked 
upon as altogether accidental: no one will question that the treatise has 
been intentionally wrought into its present compass. We have often 
found occasion above to point out indications, more or less distinct and 
unequivocal, of alterations and interpolations; and although in some 
cases our suspicions may not prove well-founded, there can be no renson- 
able doubt that the text of the treatise has undergone since its origin 
not unimportant extension and modification. Any farther consideration 
of this point we reserve for the general historical summary to be presented 
at the end of the Appendix. 
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APPENDIX : 


CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OP 
ECLIPSES, A STELLAR MAP, ETC. 


4. p. ii. ‘The name siddhánta, by which the astronomical text- 
books are generally called, has, by derivation and original meaning, nothing 
to do with astronomy, but signifies simply '' established conclusion; '' and 
it is variously applied to other uses in the Sanskrit literature. 

|. 1t may not be uninteresting to present here a summary view of the 
existing astronomical literature of the Hindus, as derived from such 
sources of information upon the subject as are accessible to us, even 
though such a view must necessarily be imperfect and incomplete. We 
commenée by giving a list of works furnished to the translator, at his 
request, by the native Professor of Mathematics in the Sanskrit College 
at Pina, and which may be taken as representing the knowledge possessed, 
and the opinions held, by the learned of Western India at the present 
time. Along with it is offered the list of nine treatises given in the modern 
Sanskrit Encyclopedia, the Qabdakalpadruma, as entitled to the name of 
Siddhánta. ‘The longer list was intended to be arranged chronologically; 
the remarks appended to the names of treatises are those of its compiler. 


1. Brahma-Siddbánta. Brahma-BSiddhánt a. 


Q. Bürya-Biddbánta. Sürya-Siddhánta. 
8. Soma-Biddhánta. Soma-Siddhanta. 
4. Vhasishtha-Siddhbints . Brhaspati-Siddhinta. 
6. Romaka-Siddhánta. Garga-Siddhánta. 
6. Püulastya-Biddhánta. Nárada-8iddbánta. 


7. Brhaspati-Siddbánta. 
8. Garga-Biddbánta. 
9. Vyhsa-Biddhánta. 
10. Pürügara-Biddhánta. 
11. Bhoja-Biddbánta ; earlier than the Qiromapi. 

12. Vardha-Siddhinta; earlier than the Qiromani. 
13. hmi Biddhánta; earlier than the Qiromagi. 
J4. Siddbinta-Qiromani; çaka 1072 [A.D. 1160]. 
15 | 

16 
18. 


Párágara-Siddhánta. 
Páulastya-Siddhánta. 
Vasish(ha-BSiddbàünta. 


pp o m» pum 


‘Sundara-Siddhinta; about 400 years ago. 
Tattva-Viveka-Siddhints; in the time of the reign of Jaya Sinha, abont 250 
’ (years ago. 


37. Sarvabbñuma-Siddhënta; in the time of the reign of Jaya Sinha. 


Í : Laghu-Arya-Biddhánta T i 
19. Brbhad-Arya-Biddhánta "RECEN CR 
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It is obvious that these lists are uncritically constructed, and that 
neither of them is of a nature to yield valuable information without 
additional explanations. ‘The one is most unreasonably curt, and seems 
founded on the principle of allowing the title of Siddhánta to no work 
which is the acknowledged composition of a merely human author, while 
the other contains treatises of very heterogeneous character and value: 
and neither list distinguishes works now actually in existence from those 
which have become lost, and those of which the existence at any period is 
questionable. A more satisfactory account of the Siddhanta literature may 
be drawn up from the notices contained in the writings of Western scholars, 
and especially from the various essays of Colebrooke. For what we shall 
here offer, he is our main authority. 

In the present imperfect state of our knowledge of the subject, there 
is perhaps no better method of classifying the Hindu astronomical treatises 
than by dividing them into four classes, as follows: first, those which 
profess to be a revelation on the part of some superhuman being; second, 
those which are attributed to ancient and renowned sages, or to other 
supposititious or impersonal authors; third, those regarded assthe works 
of actual authors, astronomers of an early and uncertain pericd; fourth, 
later texts, of known date and authorship, and mostly of a less independent 
and original character. 

[. The first class comprises the Brahma, Sórya, Soma, Brhaspati, 
and Narada Siddhantas. 

1. Brahma-Siddhánta. The earliest treatise bearing this name is 
said to have formed a part of the Vishnudharmottara Purana, a work 
which seems to be long since lost, and scarcely remembered except in 
connection with the Siddhánta. ‘The latter, too, is only known by a few 
citations in astronomical writings, and by the treatise of Brahmagupta 
(sce below, third class) founded upon it. Another work laying claim to 
the same title is that which we have many times cited above as the 
Cakalya-Sanhita. Banhità, '' text, comprehensive work,' is a term em- 
ployed to denote a complete course of astronomy, astrology, horoscopy, 
ote.: this treatise, according to the manuscript in our possession, farms 
the second division (pragna) of such a course. It professes to be re- 
vealed by Brahma to the semi-divine personage Narada, Of its relation 
to the Sürya-Siddhánta we have spoken above (note to viii. 10-12). It 
does not nppear to be referred to as an independent work in either of the 
native lists we have given. 

2. Süárya-Biddhánta, This is the treatise of which the translation has 
been given nbove, and of which, accordingly, we do not need to speak here 
more particularly. 

3. Soma-Siddhánta. Judging from ite title, this work must profess 
to derive its origin from tbe moon (soma), as the preceding from the 
sun (sáürya). Bentley speaks of it as following in the main the system 
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of the Sürya-Siddhünta. There is a manuscript of it in the Berlin Library 
Weber's Catalogue, No. 840), and Colebrooke seems also to have had 
it in his hands. 

4. Brhaspati-Siddhánta. Brhaspati is the name of a divine person- 
age, priest and teacher of the gods, as also of the planet Jupiter. No 
work bearing this name is mentioned, so far as we can ascertain, by any 
European scholar, although Brhaspati is not mfrequently referred to in 
native writings as an authority in astronomical matters. 

5. Nárada-Siddhánta, A Náradi-Sanhitá, or course of astrology, in 
the Berlin Library (Weber, No. 862), and an occasional reference to 
Nárada, among other divine or mythical personages, as an astronomical 
authority, are all the indications we find justifying the introduction of this 
name into the list of the Cabdakalpadruma. 

II. In the second class we include the Garga, Vyasa, Párácara, 
|. A Páuliga, Páulastya, and Vásishtha Siddhántas. Garga, Parácara, Vyasa, 
Pulastya, and Vasishtha are prominent among the sages of thè ancient 
period of Hindu history: the two latter are of the number of those who 
give name to the stars in Ursa Major (they are B and ¢ respectively). 
They cannot possibly have been the yeritable authors of Siddhantas, or 
works presenting the modern astronomical system of the Hindus: but— 
and this seems to be especially the case with regard to Garga and Parácara 
—one and another of them may have distinguished themselves in connec- 
. tion with the older science, and so have furnished some ground for the part 
eR, attributed to them by the later tradition, and for the fathering of astrono- 

= mical works upon them. 

E je Á ae Garga-Siddhánta. Astronomical treatises and commentaries upon 
|. them occasionally offer citations from Garga (see, for instance, Cole- 
m  brooke's Essays, ii. 856; Sir William Jones in As. Res., ii. 897), but of 

* a Siddhanta, or text-book of astronomy, bearing his name, we find nowhere 

|  -. any mention excepting in these lists. 

"(a> v? Vyása-Siddhánta. This name, too, is known to us only from the 

= list above given. 
| . iB . 8. Párágara-Siddhánta. According to Bentley, the aecond chapter 


E. 
^ 


o Arya-Siddhanta contains an extract from this work, in which are 


ad the elements of the mean motions of the planets adopted by it. 
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work itself appears to be lost; unless, indeed, it may have been con- 

ned in a manuscript of the Mackenzie Collection, which in Wilson's 

ogue (i. 120) is called Vriddha-Parasara, and said to be ~ a system 

f a Lr og , attributed to Parásara, the father of Vyasa.” | 

^c 4. Páuliga-Siddhánta. "The planetary elements of this treatise also are 
ese red in later commentaries, and are stated by Bentley and  Cole- 


, have noticed above (note to i. 4-6) that al-Bírüni attributes 
* th Ne * whence Weber (Ind. Lit., p. 226) conjectures that 


Iz LESS wn i 4 . <a. t * . 
‘the » of Paulus Alexandrinus. If this account 


A 





* of its origin be correct, the Puliça to whom the later Hindus attribute it is 
a fictitious personage, whose name is manufactured out of Páuliqa. The 


work, it will be seen, is not mentioned in either of the lists we have given, 
its place appearing to be taken by the Pulastya-Siddhánta. According to 


the Hindu tradition, the school represented by the Páuliga-Biddhánta was 


the rival of that of Aryabhatta. 

5. Pulastya-Siddhánta. Of this Siddhánta we find mention only in 
such native lists as omit the preceding. Hence we are led to conjecture 
that the two names may indicate the same work; an attempt, founded 
upon the similarity of the names, having been made by some to attribute 
the Páulica-Siddhànta to a known and acknowledged Hindu sage. 

6. Vasishtha-Siddhánta. This work is spoken of as actually in 
existence by both Colebrooke and Bentley, and the latter states its system 
to correspond with that of the Sürya-Siddhánta. More than one treatise 
bearing the name is referred to, the older one being of unknown authorship, 
and the other a later compilation founded upon this, by Vishnu-candra, 
who is said also to have derived his material in part from Aryabhatta. A 
copy of a Vrddha-Vasishtha-Siddhinta formed a part of the Mackenzic 
Collection (Wilson’s Catalogue, i. 121). 

IH. To the third class may be assigned the Siddhintas of Aryabhatta, 
Varüha-mihira, and Brahmagupta, and the Romaka-Siddhánta, as well as 
the later version of the Vasishtha-Siddhinta, last spoken of. The first 
three names are those of greatest prominence and highest importance in 
the history of Hindu astronomical science, and there is every reason to 
believe that the sages who bore them lived about the time when the modern 
system may be supposed to have received its final and fully developed 
form, or during the fifth and sixth centuries of our era. 

1. Arya-Siddhdnta. The two principal works of Aryabhatta appear 
to have been originally entitled the Arydshtagata, '' work of eight hundred 
verses," and Dacagitiká, '' work of ten cantos.” Colebrooke knew neither 
of them excepting by citations in other astronomical text-books and com- 
mentaries, Bentley had in his hands two treatises which he calls the 
Arya-Siddhanta and the Laghu-Arya-Siddhanta, which are possibly identical 
with those above named.* The Berlin Library also contains (Weber, 
No. 834) a work which professes to be a commentary on the Dagagitiká. 

2. Varáha-Siddhánta. The only distinctively astronomical work of 
Varaha-mibira appears to have been his Pafica-siddhantika, or Compendium 
of Five Astronomies, of which we have already spoken (note to i. 2-3), and 
which was founded upon the Brahma, Surya, Pauliga, Vasishtha, and 
Romaka Siddhántas. It is supposed to be no longer in existence, although 


* See an article by Fits-Edward Hall, pee On the Árya-Biddbünta, in the Journal - 
of the American Oriental Society, Vol. VI, 1860. — 








Appendix 325 


the astrological works of the same author have been carefully preserved, 
and are without difficulty accessible. 

| 3. Brahma-Siddhánta. The proper title of the work composed by 
Brahmagupta, upon the foundation of an earlier treatise bearing this name, 
is Brahma-sphuta-Siddhánta, '' corrected Brahma-Siddhanta,’’ but the 
word sphuta, '' corrected," is frequently omitted in citing it, as has been 
our own usage in the notes to the Sürya-Siddhànta. Colebrooke possessed 
an imperfect copy of it, and it was also in Bentley's possession. Upon it 
was professedly founded, in the main, the Siddhánta-( iromani of Bháskara. 

4. Romaka-Siddhánta, Of the name of this treatise, the only one 
we have thus far met with which is not derived from a real or supposed 
author, we have spoken in the note to i. 4-6. It is said by Colebrooke to 
be by Grishena, and to have been founded in part upon the original 
Vasishtha-Siddhanta; its early date is proved by its being one of those 
treated as authorities by Varaha-mihira. No copy of it seems to have 
been discovered in later times. 

Our list also mentions a Bhoja-Siddhanta, probably referring to some 
astronomical work published during the reign, and under the patronage, 
of Raja Bhoja Deva, of Dhara, in the tenth @r eleventh century of our era. 

IV. Our fourth class is headed by the Siddhánta-Ciromani, written in 
the twelfth centuty by Bhaskara Acarya, and founded upon the Brahma- 
Siddhanta of Brahmagupta. Our numerous references to it and citations 
from it indicate the prominent and important position which it occupies 
in the modern astronomical literature of India, For a description of the 
numerous commentaries upon it, see Colebrooke’s Hindu Algebra, note 
A (Essays, ii. 450, ete.). 

The longer of the lists given above mentions two or three other works 
of yet later date. Among them the Siddhánta-Sundara is the most ancient, 
having been composed by Jüüna-rüája at the beginning of the sixteenth 
century. The Graha-Laghava is a treatise of the same class, and is highly 
considered and much used throughout India, although omitted from the 
Pana list. It is of nearly the same date with the work last spoken of, 
being the composition of Ganega, and dated çaka 1442 (A.D. 1520). The 
Siddhanta 'lattva-Viveka, more usually styled the Tattva-Viveka simply, 
is a century later: it was written by Kamalakara, about A.D. 1620. The 
Siddhanta-Sarvabh4uma dates from very nearly the same period, and is the 
work of Munievara, who is also the author of a commentary on the 
Qir i, and the son of Ranganátha, the commentator on the Surya- 
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— This class of astronomical writings might be almost indefinitely 

extended, but the works which have been mentioned appear to be the most 
authoritative and important. 

Xp) Of all the treatises whose names we have cited, we know of but three 

which have as yet been published—the Sürya-Siddhánta, the Siddhánta- 
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— and the Graha-Láàghava; the two latter under the auspices of the 
chool Book Society of Calcutta. Prof. Hall's edition of the Sirya- 
Siddhánta, to which reference is made in our Introductory Note, has been 
completed by the addition of a fourth Fasciculus since our own publication 
was commenced, so that we have been able to avail ourselves of its valuable 
assistanee throughout. 

2. p. ü. Ranganátha, in the verses with which he closes his 
commentary, states it to have been completed on the same day with the 
birth of his son Municvara, in the cáka year 1525, or A.D. 1603. For his 
relationship to other well-known authors or commentators of astronomical 
treatises, see Colebrooke's Essays, ii. 452 etc. Other commentators on 
the Sürya-Siddhünta mentioned by Colebrooke are Nrsinha, who wrote but 
a few years later than Ranganatha, and Bhüdhara and Dada Bhai, whose 
age is not stated. The Mackenzie collection (see Wilson's Catalogue, 
p. 118 etc.) contained commentaries on the whole or parts of the same 
text by Mallikaérjuna, Yellaya, an Aryabhatta Mammabhatta, and Tammaya. 

8. p. iii. As no especially suitable opportunity has hitherto offered 
itself for giving in our notes the synonymy of the names of the planets, 
we present here all the appellations by which they are known in the text 
of the Sürya-Siddháànta. 

The sun is called by the following names derived from roots signifying 
" to shine ”: arka, bhánu, ravi, vivascant, sárya; also savitar, literally 
'" enlivener, generator ''; bháskara, '' light-maker ''; dinakara and divákara, 
" day-maker '"; and tigmdngu and tikshndngu, '' having hot or piercing 
rays." 

The moon, besides her ordinary names indu, candra, vidhu, is styled 
nicdkara, ** night-maker ''; niçápati, '' lord of night ''; anushnagu, çitagu, 
citángu, citadidhiti, himaragmi, himángu, himadidhiti, ** having cool rays,'' 
and ¢agin and gacánka, '' marked with a hare '": the Hindu fancy sees the 
figure of this animal in the spots on the moon's disk. The name soma no- 
where directly occurs, but it is implied in the title sdumya given to 
Mercury. 

Mercury is styled jfia and budha, '' wise, knowing ''; also gagija and 
sdumya, '' son of the moon.” The reason of neither appellation is obvious. 
It will be seen below that the moon, the sun, and the earth have each of 
them one of the lesser planets assigned to it as its son: why Mercury, 
Saturn, and Mars were selected, and on what grounds their respective 
parentage was given them, is hitherto entirely unknown. 

Venus has one name, cukra, '' brilliant,’ which is derived frem her 
actual character: she is also known as bhrgu, which is the name of one 
of the most noted of the ancient sages, or as bhrguja or bhárgava, ` son of 
B "dd 

OF adh Mim MEE E EE '" coal," which is 
given him on account of his fiery, burning light: all his other titles, namely 
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MI ha bhümftfputra, bhusuta, bháuma, mark him as '' son of the 
“Jupiter is known as brhaspati, which is, as already more thun once 
noticed, the name of a divine personage, priest and teacher among the 


gods; the word means originally `' lord of worship." The planet also 
receives some of his titles, namely guru, “ preceptor,’ and amarejya, 
— of the immortals.'" The only other name given to it, jiva, 
** livin is of doubtful origin. 


Saturn has two appellations, ench represented by several forms; namely 
** son of the sun, "oor arkaja, — sáryatanaya; and '' the slowrnoving,"'' 
or manda, cani, ¢andigcara. 

All these names, it will be — are of native Hindu, origm, and 
have nothing to do with the appellations given by other nations to the 
planets. In the Hindu astrological writings, however, even those of a very 

|. early period (see Weber's Ind. Stud., ii. 261), appear, along with these, 
dac other titles which nre evidently derived from those of the Greeks. 
SP 4. p. 2. We have everywhere cited JBentley's work on Hindu astro- 
nomy according. to the London edition of it (8vo., 1825), the only one to 
|... which we have had access. 
— In a few instances, where we have not specified the part of Bhàskara s 
| Siddhánte-('iromani to which we refer, the Ganitadhyaya, or properly astro- 
| . nomical portion of it, is intended. 
Enc. 19. For the convenience of any who máy desire to make a 
: more | detailed examination of the elements of the mean motions of the 
. planets adopted in this treatise, and to work out the results deducible from 
| hen we present them in the following table in a more exact form. We 
give ihe mean time of aidereal revolution, im mean solar days, and the 
amount of mean motion, in seconds, during a day, and also during à Julian 
rye ot 3651 mean solar days. 
















Mean Motions of the Planets. 


Mean daily 
motion. 


8,548.16956 1.205.065,931 
ix 139.34496 5,380,985. 996 | 
| 5.767 13103 2.106,652.295 
* 46076 689.033.051 
A 14683 109,263.881 
15 05511201481 190.38151 43,969,346 
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"97.3067416 | — 47,434.86773 | 17.395.,555.437 
43,886.6981 


09367416 40097848 | ^ 146.457.359 
ox 190.74582 69.669.790 
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x EF Es ne system of the Sürya-BSiddhánta, so far as concerns 
the mean motions of the planets, the date of the last general conjunction, 
and the frequency of its recurrence, is also that of the Ç alya-Sanhita. 
It is likewise presented, according to Bentley (Hind. Astr., p. 116), by 
the Soma and Vasishtha Siddhintas. So far as can be gathered from the 
elements of the Pauliga and Laghu-Arya Siddhántas, as reported by Cole- 
brooke and Bentley, these treatises, too, followed a similar system; the 
revolutions of the planets in an Age, as stated by them, where they differ 
from those of the Sürya-Siddhánta, always differ by a number which is 
a multiple of four. Some of the astronomical text-books, however, have 
constructed their systems in a somewhat different manner. Thus the 
Siddhánta-Ciromani, following the authority of Brahmagupta and of the 
earlier Brahma-Siddhánta, makes the planets commence their motions 
together at the star ¢ Piscium at the very commencement of the Zon, 
and return to a general conjunction at the same point only after the lapse 
of the whole period of 4,320,000,000 years. The same is the case with the 
Arya and Párácara Siddhantas: they too, as reported by Bentley (Hind. 
Astr., pp. 148, 150), state the revolutions of the planets for the whole Æon 
only, and in numbers which have no common.divisor, so that they assume 
no briefer cycle of conjunction. But they all, at the same time, take 
special notice of the commencement of the Iron Age, which they make to 
begin at the moment of mean sunrise at Lanka, and manage to effect very 
nearly 8 general conjunction at the time of its occurrence, as is shown by 
the table at the end of this note, in which are presented the positions of 
all the planets, and of the moon's apsis and node, as stated by them for 
that moment. 

We insert these data here, because they seem to us to furnish ground 
for important conclusions respecting the comparative antiquity of the two 
systems. 'The commencement of the Iron Age, which to the one is of 
cardinal importance as an astronomical epoch, is to the other simply a 
chronological era, having no astronomical significance. Now if, as has 
been shown in our notes to be altogether probable, that epoch is in fact of 
astronomical origin, being arrived at by retrospective calculation of the 
planetary motions, we can hardly avoid the conclusion that the system 
which presents it in its true character is the more ancient and original. 
This conclusion is strengthened by the notice taken of the epoch by the 
Siddhanta-Giromani and its kindred treatises. We do not see how their 
treatment of it is to be explained, excepting upon the supposition that a 
general conjunction st that time was already so firmly established as a 
fundamental dogma of the Hindu astronomy, that they were compelled, 
even while rejecting the theory of brief cycles and — —— 
to pay it homage by so constructing their elements that these sho A 
exhibit at least n very near approach to a conjunction at the momen a 
We are clearly of opinion, therefore, that, apart from all consideration o 
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the relative age of the separate treatises, the system represented by the 
Bürya-Siddhánta is the more ancient. 


Mean Places of the Planeta, 6 o'c A.M. at Ujjayini, Feb. 18th, B.C. 3102. 








Planet, Siddhánta-Qiromani. Arya-Siddbánta. Párücara-Siddhánta. 
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Ban; 0 0 O0 O0 
Mercury, u 237 29 
Venus, 1] 3928 423 14 
Mars, 11 29 3 50 
Jupiter, 11 39 39 38] 
Baturn, Ih 2328 46 M 
Moon, i 0 0 0 
, apsis, s 6 2 45| 
| 4 mode, 6 8 12 58| 
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- Sul ET) p. 20. We present in the annexed table, in the same form as 


above (note 5), the elements of the mean motions of the planets as corrected 
bai tbe. bija. 
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Mean Motions of the Planets, as corrected by the bija. 


















Mean daily motion. | Mean yearly motion. 





— H 


87.96978075 | 14,7°2.53182 5,980,984.196 
224.09895158 5,767.71717 2,106,658.696 
4,885. 41581277 | 299.14026 109,260.981 
10,704. 89171783 120.39136 43,972,946 
Ts \ao1ssoa | "U 400.07519] ^ — 146.450.160 
199,74861 69,670,930 
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| 8. p. 24. At the time when we wrote our note, we had not observed 
that Bentley himself explains, in a foot-note to page 117 of his work, 
this apparent error. In the case of Mercury, since the number of revolu- 
tions as stated by the text of our treatise did not yield him the result which 
he desired, he has quietly taken the liberty of altering it from 17,937,060 
to 17,937,024, assuming, as his justification, an error of the copyists which 
has not the slightest plausibility, and ignoring the fact that the correctness 
of the former number is avouched by its occurrence in other treatises. 
It is highly characteristic of Bentley, that he has thus arbitrarily amended 
one of the data upon which he reste the most important of his general con- 
clusions, a conclusion which, but for such emendation, would be not a little 
weakened or modified. Any one can see for himself, upon referring to our 
table given on page 50, with how much plausibility Bentley is able to de- 
duce, from the dates of its fourth column, the year A.D. 1091 as that of the 
composition of the Sürya-Siddhánta. We have been solicitous to allow 
Bentley all the credit we possibly could for his labors upon the Hindu astro- 
nomy, but we cannot avoid expressing here our settled convietion that, as 
an authority upon the subject, he is hardly more to be trusted than Bailly 
himself, that his work must be used with the extremest caution, and that 
his determination of the successive epochs in the history of astronomical 
science in India, is from beginning to end utterly worthless. 


9. p. 25. We have not fulfilled our promise to recur in the eighth 
chapter to the subject of the sun's error of position, because we felt ourselves 
incompetent to cast at present any valuable light upon it. Nothing but a 
careful and thorough sifting and comparison of all the earliest treatises, 
together with the tradition preserved by the commentators, and the practical 
methods of construction of the calendar, is likely to settle the question as to 
the manner in which the elements of the planetary orbits were originally 
made up. 


10. p. 27. In making out our comparative table of sidereal revolu- 
tions, we have caleulated the column for Ptolemy as we conceive that he 
would himself have caleulated it, had he been called upon to do so. M. Biot, 
having in view an object different from ours, has carefully revised Ptolemy's 
processes (see his Traité Elémentaire d'Astronomie Physique, 3™* éd., v. 
37.71), and has deduced from the latter's original data what he regards as 
the true times of sidereal revolution of the primary planets furnished by 
them; his periods are accordingly slightly different from those presented in 
our table. 


Colebrooke (As. Res., xii, 246; Essays, ii. 412) has also given a com- 
parative table of the daily motions of the planets, but has committed in it 
the gross error of setting side by side the sidereal rates of motion of the 


Hindu text-books &nd the tropical rates of Ptolemy and Lalande. Of course, 
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his data being incommensurable, the conclusions he draws from their com- 
parison are erroneous. 


41. p. 30. We add, in the following table, a comparison of the posi- 
tions of the apsides and nodes of the planets as stated in our treatise— 
being those which are adopted, with unimportant variations, by ull the 
schools of Hindu astronomy—with those laid down by Ptolemy in his 
Syntaxis. ‘The latter we give as stated by Ptolemy for his own period, with 
out reducing them to their value in distances from the initial point of the 
Hindu sphere. The actual distance of that point, or of the vernal equinox 
of A.D. 560, from the vernal equinox of Ptolemy's time, is about 54°. We 
should remark also that Ptolemy does not state expressly and distinctly the 
positions of the nodes: we derive them from the rules given by him, in the 
sixth chapter of his thirteenth Book, for calculating the latitude of the 
planets: not being, however, altogether confident of our correct under- 
standing and interpretation of those rules. 


Positions of the Apsides and Nodes of the Planets. 





Bürya- 
Planet. Siddbánta. 
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= It will be perceived that the differences here are not so great as to èx- 
clude the supposition of a connected origin. We do not ourselves believe 
that the Hindus were ever sufficiently skilled in observation, or in the 
discussion of the results of observation, to be able to derive such data 
for themselves, or even intelligently to modify and improve them, when 
obtained from other sources. In order, however, fully to understand the 
relation of the Hindu to the Greek science in this part, we require to know, 
first, what were the positions assigned to the apsides and nodes by Greek 
astronomers prior to Ptolemy, and secondly, what were their actual posi- 
tions at the periods in question. Upon the first point no information appears 
to have been handed down to our times; and as regards the other, we have 
not found any modern determination of the desired data, and are not our- 


selves at present in a situation to undertake so intricate nnd laborious a 
calculation. 


12. p. 38. ‘The era of the kali yuga, or Iron Age, is not in practical 
use among the Hindus of the present day: two others, of a less remote date, 
are ordinarily employed by them in the giving of dates. These are styled 
the eras of Calivébana and of Vikramaditya respectively, from two sovereigns 
so named: their origin and historical significance are matters of much 
doubt and controversy. The years of the era of Cálivàhana are, according 
to Warren (Kila Sankalita, p. 381 and elsewhere), solar years: their reckon- 
ing commences after the lapse of 8179 complete years of the Iron Age, or 
early in April, A.D. 78: the 1782nd year, accordingly, coinciding with the 
4961st of the Iron Age, commenced, as is shown by the table on p. 34, 
April 12th, 1859, and ended April 11th, 1860. The years of this era are 
generally cited as caka or çáka years. In the other era, the luni-solar 
reckoning is followed (Warren, as above, p. 391 and elsewhere); and its first 
year began with the 3045th of the Iron Age, or early in 58 B.C. : its 1962nd 
year, coinciding with the 4961st of the remoter era, commenced (see table 
on p. 34) April 4th, 1859, and ended March 22nd, 1860. The years of this 
era are called and quoted as samvatsara years, or, by abbreviation simply 
samvat. 


18. p. 44. M. Vivien de St. Martin (in Julien's Mémoires de 
Hiouen-Thsang, ii. 258) supposes the value of the li in use in China during 
the seventh century to have been about 329 metres or 1080 English feet. 
This would make the values of the three kinds of yojana mentioned by the 
Buddhist traveller to be 84, 64, and 84 English miles respectively. 


48. p. 49. In the first table upon this page, we have, by an over- 
sight, given the earth's heliocentric longitude, instead of the sun's geocentric 
longitude. To the sun's place as stated, accordingly, should be added 180°. 

m 


18. p. 69. M. Biot (Journal des Savants, 1859, p. 409) suggests that 
the Hindus, like Albategnius, obtained their sines directly from the chords 
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| of Hipparchus or Ptolemy. This may not be an altogether impossible 
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supposition, but it is at least am unnecessary one, for they certainly had 
geometry enough, at the time of the elaboration of their astronomical 
system, to construct their table independently. Our notes have presented 
Delambre's view of the method of its construction and the reason of ite 
limitation to arcs which are multiples of 3° 45'. We cannot but feel, 
however, upon maturer consideration, that the correctness of that view is 

= very questionable; that the Hindus could probably have made out a more 
complete table if they had chosen to do so; and that a sufficient reason is 
found for their selection of the are of 3° 45' in the fact that it is a natural 
subdivision of a recognized unit, the are of 30°, while the series of twenty- 

four sines was sufliciently full and accurate for their uses. We have been 

at the pains to calculate the complete series of Hindu sines from Ptolemy's 

- table of chords, assuming the value of radius to be 3438’, in order to test 

| the question whether there were any correspondence of errors between 
" . them which should prove the one to be derived from the other: our results 


d. are as follows. In five of the instances (the 14th, 15th, 19th, 22nd, and 
| " 28rd sines of the table) in which the value of the Hindu sine exceeds the 


| truth, Ptolemy supports the error; in the other three cases (the 16th, 17th, 
X and 18th sines), Ptolemy affords the correct value; to the 6th sine, also, 
i E. which by the Hindus is made too small, Ptolemy's table gives its true value, 
f but the next following sine he makes too great (namely 1520.59, which 
— would give 1521, instead of 1520); this is his only independent error. The 
*F e vidence yielded by the comparison may be regarded as not altogether 


— — 















E. For the benefit of any who may desire to make practical use of the 
TR Hindu sines, in calculations conducted according to the processes of tho 
Lo * Sürya-Biddhánta, we give, upon the opposite page, à more detailed table 
tur. rt a cf 45 SS LET @ n i 

e. MO See PS: | c 1 hi i t f differences 
| | of them than has been presented hitherto, with such — o e 
 annexec as will enable the calculator readily to find the sine of any given 
| ie . without resorting to the laborious proportions by whieh 

nplates tha should in each case be determined. Such 
templates that they 


ourselves found highly useful, and even almost indis- 
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8 180 
8 45 225 
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In explaining how the Hindus may have arrived at their empirical 


rule, as laid down in verses 15 and 16, for the development of the series 


of sines, we have also, as mentioned in our note, followed the guidance 
of Delambre. Prof. Newton, however, is of opinion that the rule in question 
was probably obtained by direct geometrical demonstration, in some such 
method as the following, which is much more in accordance with the 
mathematical processes exhibited or implied in other parts of the Sürya- 
Biddháànta. 

In the quadrant AR (Fig. 94), let BF, BD, and BE be three arcs, of 






Fig. 34. which each exceeds its predecessor by 

A the equal inerement DF or DE; and 
let Fm, DI, and Ek be their sines, in- 

E creasing by the unequal differences Dh 

D and Eg. Now as ED and DF are small 


arcs (they are shown in tbe figure of 


* + three times the proportional length of 
the arcs of difference of the Hindu 
table) EDg and DFh may be regarded 
as plane triangles, and the angles made 

| by CD at D as right angles: hence the 
< 4 


c angles EDg and CDI are equa!, the 


triangles EDg and CDI are similar, and 
ED : Eg :: CD: Cl or Eg— ED. Ol: GOD. In like manner, Di= ED. 
Cm+CD. Therefore Dh —Eg=ED.Im+CD; and Eg, which is the amount 
by which Ek exceeds DI, equals Dh—(ED.lm- CD). But, by similarity 
of the triangles CDI and DFEh, Fh, or Im, equals ED.DI!-CD; and hence 
ED.lm + CD = (ED?-CD?) DI, or (ED + CD): DI. Now when ED equals 
225' and CD 3488’, ED + CD= n, nearly (or exactly 41.44), and (ED + CD)* 
=,}), nearly (more exactly 543.41). Hence Ek=DI+Dh— ghz DI, 
which is equivalent to the Hindu rule. 

When we wrote the note to the passage of the text relating to the 
sines, we assumed that the rule as there stated would give the series of 
sines, having found upon trial that it held good for the firat few terms of 
the series. But, it having been pointed out to us by Prof. Newtun that 
the adoption of 44 as the value of ED > CD could not but lead to palpably 
erroneous results, we carried our calculations farther, and found that only 
five of the sines following the first one can be deduced from it by the 
processes prescribed; that with the seventh sine begins a discordance between 
the table and the result of calculation by the rule, which goes on increasing 
to the end, where it amounts to as much as 70' in the value obtained for 
radius. | 

'This untoward circumstance, which may be regarded as a trait highly 


characteristic of a Hindu astronomical treatise, seems to us rather to favor 
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the opinion that the rule is the result of construction and demonatration, 
and not empirically deduced from a consideration of the actual second 
differences, In the latter case we should more naturally suppose that it 
would have been tested throughout by actual trial; while, if it had been 
arrived at in the manner above explained, an application of it to the first 
few members only of the series might more easily have been accepted as 
a sufficient test of its correctness. 


16. p. 67. We are not sure that the name bhuja may not originally 
and properly belong rather to the arc than to its chord or sine. It comes 
from a root bhuj, `` bend,” and signifies primarily '' a bend, curve,'' being 
applied also to designate the arm on account of the latter's suppleness or 
flexibility. The word koti also most frequently means ''the end or horn 
of a bow.” We might, then, look upon the relations of the are (dhanus, 
capa, kirmuka) and its parts and appurtenances as follows. The whole arc 
taken into account is (Fig. 2, p. 67) QRS: of this, BRC is the bhuja, 
curve or bow proper, while BQ and CS are its two kotis or horns: BC is 
the chord or bow-string (jyá etc.), or, more distinctively, the bhujajyd; 
which name, by substitution for jydrdha, is also applied to either of its 
halves, BH or HC: BF or CL is in like manner the kotijyd; RH, finally, 
the versed sine, is the '' arrow '"' (cara, ishu); by this name it is often 
known in other treatises, although not once so styled in this Biddhånta. 
1f this view be correct, the terms bhuja and koti as applied to the base 
and perpendicular of a right-angled triangle, are given them on account of 
their relation to one another as sine and cosine, while the synonyms of 
bhuja, namely báhu and dos, are employed on account only of their agree- 
ment with it in the signification '' arm,'' and not in that which gives it 
its trGë application. For koti the treatise affords no synonyms. 


17. p. 71. M. Delambre, in his History of Aneient Astronomy (i. 402 
ete.), has subjected to a detailed examination the rules of the Sürya- 
Siddhánta for the calculation of the equations of the centre for the sun 
and moon, has reduced them to a single formula, and has calculated for 
ench degree of a quadrant the values of the equations comparing them 
with those furnished by the Hindu tables, as reported by Davis (As. Res., 
ü. 255-256). M. Biot has more recently, in the Journal des Savants for 
1859 (p. 384 ete.), taken up the same subject anew, especially pointing 
mt, and illustrating by figures and calculations, the error of the Hindus in 
assuming the variation of the equation to be the same in all thc four 
quadrants of mean revolution. 


18. p. 87. Neither Delambre nor Biot (both as above cited), nor 
any other western savant who has treated of the Hindu astronomy, M 
found any means of accounting for the variation of dimensions of ^s 
planetary epicycles. In its present form and extent, indeed, it seems p 
defy explanation: we can only conjecture that it may be an unintelli 
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This we take the liberty of omitting to do, as the modification thus intro- 
duced into the process would be of very small importance. 

a. To find the moon's corrected hour-angle. 
And first, for the sun's hour-angle: 





Time of first contact, reckoned from sunrise, 32" 51° 4”, or 11,830" 
deduct the whole day, 9,192" 
remain : 9.638" 
deduct from the half-night, 6,235 * 





Sun's distanos in time from inferior meridian, 8497" 

This, then, is the hour-angle of the centre of the shadow at the time 
of contact. The distance of the centre of the mooa in longitude from that 
of the shadow was found above (under VIH) to be 61^ 35". This is reduced 
to its value in right ascension by the proportion 


1800 ; 1795" ::61' 35” : 61”.4 





Now, then, 
from the hour-angle of the shadow, 3.597 * 
deducet the difference of the moon's right ascension, 61” 
Moon s hour-angle at beginning of eclipse, 3,536" 


This is virtually an application of the process taught in iii. 50. 
The moon's hour-angle is now corrected, as before, by the proportion 
6416” ; 90* :: 3536” : 49" 30' 
The sine of 49° 86/ is 26177. 
b. To find the deflection for latitude. 
T The proportion — 
P C O 8488! : 2158 :: 2617 : 1643 ^ sin 28" 34” 
gives us the deflection for latitude as 28° 34’, which is north, as before. 
^ €. To find the ecliptic-deflection. 











N ; | Moon's. distance from vernal equinox at opposition, 4° 16" 21" 
- j . deduct motion during 4* 39" 2”, 1" 6 
zd — a m l Do., a* time of contact, 4: 15" 15° 
i * Arp mae quadrant, 3 sà 
m, 7* 5* 15° 
re , AS" 15' 
‘ine 2441" 
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shows us that the ecliptic-deflection is 16° 47’; it is, as in the former 
* case, south. | 
d. To find the deflection, in digits. 


From the deflection for latitude, 28* 34° N. 
deduct the ecliptic-deflection, . 16° 47° 8. 





remains the net deflection, in arc, 


11° 47° N. 
ita sine is 702’ 
divide by 70 
Deflection, in digits, 10*.03 N. 


3. For the end of the eclipse. 


Of this process, which is throughout closely analogous to the last, we 
shall present only a brief statement of the results. 


Hour-angle of the centre of the shadow, 


392” E. 
Distance of the centre of the moon in right ascension, 59” E 
Moon `a hour angle, 381” E. 
Do., corrected, 5° 20° 
Sine, 920* 
Deflection for latitude, 9" 2)’ N. 
Moon's distance from vernal eqúinox+ 3’, 7° 17* Sa’ 
Are determining sine, 47° 24° 
Sine, 2530" 
Ecliptic-deflection, 17° 24° 8. 
Net deflection, in arc, 14" 3 8. 
Do., in digits, 11*.93 S. 


The mode of application of these quantities in making a projection 
of an eclipse is sufficiently explained in the notes to the sixth chapter, and 
illustrated by the figure there given, which is adapted to the conditions of 
the eclipse here caleulated. All the quantities entering into the projection, 
however, of which the value has been stated in minutes, require also to be 
reduced to digits, according to a scale determined by the following process. 

X. To determine the scale of projection of the disks and latitudes 
(iv. 20). 

This process we will perform only for the moment of opposition, or 


for the middle of the eclipse. At this time, as has been seen above, we 
have 


Moon a half-day, 


6416” 
Do. hour-angle (mata), 1931” 
Do. altitude in time (unnata), 4495 * 
add 06416 * 43 19,246” 
the sum is 23,743” 
divide by » 6,410 * 





Ube quotient is - 81 
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At the elevation, then, which the moon has when in opposition, 3/.7 
make a digit, and by this amount the values of the disk of the moon, the 
shadow, and the latitudes, are to be divided, in order to reduce them to n 
scale upon which they may be plotted. It is evident that, in strictness, the 
same calculation requires to be made also for the time of contact and the 
time of separation, or the time of any other phase of which the projection 
is to serve as an illustration: but it is evident also that this is wellnigh 
impracticable, since one projection could then be used to illustrate only 9 
single phase, unless several different scales should be employed in the same 
figure. 

Tt now only remains for us to present a comparison of the elements 
of the eclipse, as thus calculated, with their true values as determined 
by modern astronomical science. This is done in the annexed table. The 
true elements we take from the American Nautical Almanac for 1860. In 
comparing the time of the middle of the eclipse, we take, as already men- 
tioned, the value of it given by the Hindu process as calculated from mean 


midnight. 
Sürya-Siddhanta. Am. Naut. Almanac. Hindu error 
Time of opposition in long., 9" 517 35" r.m. 9" 27° 10'.8 p.m. + 307 24° 
"Moon's long. at opposition, 136° 21” 187° 35/ 53"7 — 115 
»» lat. at i» 16' 25" 8. $5° 42".1 8. — 19 17^ 
, hourly motion in long., 35' 37" 8” 0"6 — 2 24 
x Semi-diameter of sun, 16° 42" 16 18722 + 27" 
[ do. of moon, 17” 20" 16° 49".6 + 37” 
| do. of shadow, 45’ 15" 45' 18" — 15 
Amount of obscuration, 1.33 0.813 + 0.518 
‘Whole duration of eclipse, 3* 87" 44" 2* 52* 24* + 457 20° 


95. p. 177. Our next note is ñ 


k CALCULATION, ACCORDING TO HINDU DATA AND METHODS, OF THE HOLAR 
EcriesE or May 26TH, 1854, 


op WILLIAMS’ COLLEGE, WILLIAMSTOWN, 


FOR THE LATITUDE AND LONGITUDE 0) 
| MASS. 


As has been already mentioned in the closing note to the fifth chapter, 
the following caleulation of a solar eclipse was mainly made tor the 
_ translator, while in India, by his native assistant. Some additional cal- 
* culations have been appended here by us, in order to render the whole 


: cess n more complete illustration of the rules as given in the text of our 
x and certain parts of the 


For the most part, 





S treatise; and we havo also had to reject and replace 
Pus ~ work actually done, on account of their inaccuracy. 
ç | pre: ' i the work as it was made, although involving some repetitions 


= illus- 
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w ht be regarded as superfluous, after the explanations and 


trations already given in the notes and in the preceding calculation of a 
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> lunar éclipes, The eclipse — is the one ealeulated and delineated in 
] ‘Prof. James H. Coffin’ s useful work, entitled '' Solar and Lunar Eclipses 
š fomiliarly illustrated and explained, with the method of caleulating them, 
according to the theory of Astronomy as taught in New-England Co''eges ' 
(New York, 1845). 


I. To find the sum of days (ahargana) from the commencement of the 
planetary motions to the time of calculation. 

The eclipse in question occurs at the close of the month Vaigakha. 
the second month of the luni-solar year, in the 1777th year of the era of 
Cáliváhana (see add. note 12). To compute, then, the number of whole 
years, and to reduce them, with the remaining part of a year, to mean solar 
days, we proceed as follows: 

















Sandhi at the beginning of the kalpa, 1,728,000 
Six manrantaras, 1,850,688,000 
Twenty-seven mahdyuges of the seventh Manu, 116,640,000 
1,969,056 ,000 

deduct the time spent in creation, 17,064,000 
From creation to beginning of 28th maháàyuga, 1,951,022,000 
Kria yuga of 28th or current maliáyuga, 1,728,000 
Tretá yuga of - 1,296,000 
Dedpera yuga of si | 864,000 
Kali yuga, to era of Cálivàhana, 3,179 
Complete years elapsed of the cra, 1,776 
From the creation to end of March, 1854, compiete ycars, 1,955 ,884,955 
to reduce to solar months, multiply by 12 
Solar months, 23,470,619,460 
add month of current year elapsed, 1 
Whole number of solar months, 23,470,619,461 


Now, to find the intercalary months, we make the proportion 
51,840,000 : 1,593,896 :: 23,470,619,461 : 721,384,701 









Then, to 
Solar months elapsed, 23,470,610,461 
add intercalary months, 721,984,701 
Lunar months elapsed, 24,192,004,162. 
to reduce to lunar days, multiply by 90 
Lunar days, ^ 


add for current month, 
























^ 
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Farther, to find the number of tithikshayas, or omitted lunar days, in 
this period, we say 


1,603,000,080 : 25,052,252 :: 725,160,124,880 : 11,356,018,962 


. — 
= 


Next, from 





Lunar days elapsed, 725 160,124,899 
deduct omitted lunar days, 11,355,018,962 J 
714.404.106.527 — 


Mean solar days elapsed, ^ 
x 
2 2 
This, then, is the required ahargama, or sum of days from the com “2 
mencement of the planetary motions to about the time of new moon, 
May, 1854. ‘The processes by which it is found are in all respects the ^ 
same with those illustrated by us in the notes to i. 21-29, 24, 48, 48-51, 3 
above. It will be noticed that the Hindu astronomer, at least when 
working out an illustrative process, like the one in hand, scorns to make 
use of any of the means for reducing the labor of computation which: ; 
the text directly or impliedly permits, and of which, in our own caleu- 
lations, we have been glad to avail ourselves. x 
IL. "l'o ascertain the mean longitudes of the sun, 
apsis, the moon s aps*, and the moon's node, for mean midnigh 
Hindu meridian, at ths given interval from the creation, - 
‘The amount of motion, since the creation, of the bodies named, in > . 


their order, is found by the following series of proportions : — 


-ZA 
1.955.884,005*** 1' 22^ 1 187” 


the moon, the sun’ 
t on the = 
— 


_ 
u 


1,577,917, 528 : 714,404,106,527 :: 4,320,000 : 


1,577,917,828 : 714.404,106,527 :: 57,753,396 : 26,147 ,5*9,118***1' 9* i — 
1.577,917,828,000 : 714,104,106,527 = : 357 : 175/*:2* 17" 11 MP Q 
| . — e3423446T:*"9* 21 56° 9“ 


1,577,917,828 : 714 .401,106,527 =: 488,203 : 1-98 
1,577,917,828 : 714,104,106,527 : : 292,298 : 105.146,020" * *10* Ui 17 
Rejecting whole revolutions, and, in the case of the moon's node, . 
as the mea 


subtracting the fraction from a whole revolution, we have, 


longitudes required: 
1° 12" 14147” 


— 1: 9" 14' 99" 
EN | g» 17" 17° 237 
Sun's apogee, 3 , le $ 
—— a 21° 56° 9 s 
ui Moon a: apog“. 1* 12" 48° 1077 = * 
Moon's node, * 
r 
E a 


The Hindu calculator has taken, in the case of the moon's apsis 
and node, the numbers of revolutions given by the text, omitting te a 
orrection of the bija, We have not, in order to test the accuracy GPS 
) ope proportions, excep 


his arithmetical operations, worked over again the 
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ing in two instances, the first and last: our results differ but slightly 
from those above given (we find the seconds of the sun's place to be 40", 
| and the minutes and seconds of the node's motion to be 12’ 43")— not 
|. enough to render any modification necessary. 


5m 





JII. To ascertain the values of the same quantities at mean sunrise 
on the equator, or 6 o'clock, 

In order to this, we must add to each planet's longitude one fourth 
e the amount of its mean motion in a day. We require, then, the mean 


k: daily motions. They are found as follows, taking the sun as an example: 
` 1,571,911,928* : 4,320,000" * * : : 1“ ; 59” 8” 10^" 10””.4 
^s We omit the other proportions and their results, as the latter have been 
- fully stated in the table of mean motions of the planets (note to ;.29-34). 
) Adding a quarter of the daily motion, we have as follows : 
I ong. at midnight. Correction. Long. at sunrise. 
Son, — n" + 10477” =< 8? 29" 1“. 
Moon, 1° 9" 44’ 29” + $°17°39" = 1*189* x 8" 
Sun's spogee, 9'17°17°23" + = 8° 17° 17’ 23" 
Moons apogee, 9° 21° 56° 9" + 1°40" = 2° 21° 57’ 49” 
Moon's node, 1* 12° 48° 10" — 4s" = L* 19° 47° 22" 


IV. To ascertain the values of the same quantities at mean sunrise 
N upon the equator, on the meridian of the given place. 
Adopting 75° 50’ as the longitude of the Hindu meridian east from 
= Greenwich, we have, as the interval in longitude of Williams’ College 
-< from it, 149° 2' 30", which is equal to 24" 50* 2». The latitude is 
.42* 49 51". We have, then, first, to determine the distance of the place 
— in question, upon its own parallel of latitude, from the Hindu meridian. 
The equatorial circumference of the earth has been found above (notc 
Š to i. 59-60) to be 5059.64 yojanas. Its circumference upon the paral- 
^ — lel of latitude of Williams’ College is found (i. 60) by the following propor- 
tion ; 
LI 9438/(» B) : 2525"(—cos 42^ 42' 51") : : 5050". 64 : 3715*.07 
+ The deçántara, or difference of longitude in yojanas, is then deter- 
» “mined thus: 
"We ` eo" : 24" GO" 27 ::3715".07 : 1588" A1 
And the degántaraphala, or correction for difference of longitude, is 
Wealculated from the daily motion of each body, by such a proportion as 
— the one subjoined, which gives the sun's correction : 
a 3715°.97 : 1538" 41::59' &" : 94' 97" 
We omit the other proportions, and merely present their results in 
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I Bunrise at Lanka. Correction. Sunrise on giv. merid, 
Bun, aig 99 1" s 24' 217" — 1° 12° 53 28" 
Moon, lis y 8° + 632212 = 1° 18° 99 907 
Bun's apogee, S 17°17 2" + Q = 2* 17°17 93” 
Moon's apogee, 2 21° 57°49" + 2' 45" c 2° 22” Q'34" 
Moon's node, 1° 12° 47792” — 1’ 19" = i12 46" 3” 


63-65) called attention to the excessively ` 


We have already (note to i. 
process for making the correc- 


awkward and cumbrous character of this 
tion for difference of meridian. 
V. ‘To find the sun's true longitude. 





From the longitude of sun's apsis, g° 17° 17’ 22" 
deduct sun's mean longitude (ii. 29), 1° 12° 53' 28" 
Sun's mean anomaly, . 1° 4° 29° 55" 
1927” 


Sine, 
The diminution of the sun’s epicycle is now found by the following pro- 
° portion O: 38): , 


++ 1927” : 11" 12” 1 
then (ii. 34), 14° — 11' 12”, or 13° 48’ 48". 


3438" : 20° 


"The « dimensions of the epicycle are, 


Next, the proportion (ii. 39) 
960" : 18" 48° 48" :: 1927" : 74' 11” 





gives us the sun's equation of the centre, which, by ii. 45, is additive. 
Hence to the 
ie Sun's mean longitude 1' 13° 53' 25" 

| add eri equation, 1" 34 11" 
— n's longitode, 1" 14" 7329" 


ther serious error: 


Tis caleulation exhibits a ra 
The final result, however, 


eden s ' is 1942’, not 1927’. 


d by it: the equation ought to be 1^ 1 






—* ceptibly modit 
longitude qs 14° 7' 68". 
NIS. To find the moon's true longitude. 
a*g2* of 34” 


1° 16" 99' 30" 
i 8° 8114” 
ists: 
1 9 
31" 48° 687” 

+ 2° 4T 


moon s mean longitude. 





1° 18° 29' 20" 
9° 4T 


1" 21* 16° 20" 








the sine of 54^ 24’, 
is not per- 
14’ 30^, and the true 




















F. = VI To calculate the true daily motions of the sun and moon. 
Sak: he equations of motion for the sun and moon have been found by 
Le 4 ne calculator of the eclipse by the following proportion: «as the whole 
. orbi | of either planet is to its epicycle, so is its mean daily motion to the 
f 'equirec equation, That is to say, for the sun, 


a” 


. — F - 
— = ' 


360" ; 18" 48' 48" :: 59 B^" : 2° 16" 


Ve. ` 

- which, by ii. 49, is subtractive. Hence the sun's true motion is 51  B"— 
=, 2! 16", or 50 52". 

* Again, for the moon, 


>% 


i 360* ; 31" 45° 58" :: 700° 35" : 69° 36” 
E And the moon's true motion is 790 35" —60' 36", or 720 59. 

These calculations are exceedingly incomplete and erroneous, as may 
readily be seen by referring to the corresponding process in the other 
eclipse, or to that given as an ill-stration in the note to ii, 47-49. The 
actual value of the sun's equation ef motion, as fully calculated by the 
method of our treatise, is only 1! 51"; that of the moon is only 53’ 49": 
whence the true motions are 57! 17" and 731 406" respectively. These 
are elements of so much importance, and they enter so variously into the 
after operations, that we havo hesitated ^s to whether it would dt be "” 
better to cancel the whole work of the Hindu calculator from this point 

"onward, and to perform it anew in a more exact manner, but we have finally 
concluded to present the whole as it is, as a specimen—although, we hope, 
not a favourable one—of native work; pointing out, at the same time, its 
deficiencies, and cautioning against its results being accepted os the best 
that the system is capable of affording. 

p We have thus far found the true longitudes of the sun and moon for 

I the moment of menn sunrise at the equator, upon the meridian of the 
given place. We desire now farther to find the same data for the moment 
of sunrise upon the same meridian in latitude 42° 42! 51" N. 


VIII. To fin the longitudes of the sun and moon at sunrise in long. 
149° Y 30”, lat. 42° 42’ 51" N. 


I < 1. To calculate the precession of the equinoxes (iii. 0-12). 
The proportion 
1.577,917,82A* : 600"*" ::114,404,1C0,527 : 271,050" ** 8" 7" 45' 33" 

gives us the amount of the motion of the equinox in its own cirele of 

libratory revolution, since the beginning of things. Rejecting complete 
| revolutions, and deducting 6 from the fraction of a revolution, we have 
Ë the distance of the equinox from the origin of the sidereal sphere, in terms 
i of its own revolution, ns 67° 45! 22": three tenths of this, or 20° 1 80^, is 


the amount of the precession, . 
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This quantity is often called sáyana sürya; that is to say, '* the sun's longi- 
tude with the precession (ayana) added.” | 

‘he sun is accordingly in the eleventh sign, of which the ascensional 
equivalent is 1795». His daily motion has been found to be 60 48". 
Hence the proportion (ii. 59) 


1800” : 1795” ::60' 45" : 60*.64 


gives us Ol», or 10v 1r, as the excess of the sun’s day over a true sidereal 
day of 60 nádis: its length is accordingly 60" 10* 1», or 21,661». 

Next we desire to know how much of this day passed between midnight 
and sunrise, and for this purpose we have 

2. To find the sun's ascensional difference (cara). 

a. To ascertain the sun's declination, and its sine and versed sine. 


The sun's longitude with precession added (sdyana sárya), 10* 16° 21° 
Arc determining the sine (bhuja), 43° 39' 
Bine, 2372* 


Now, then, the proportion (ii. 28) 
3438' : 1307' :: 2372' : 964" 


gives us 964! as the sine of declination (krántijyá); the corresponding are (ii. 
33) is 16° 17/ S; its versed sine (ii. 31-32) is 139". 
b. To find the radius of the sun's diurnal circle (ii. 60). 





From radius, 
deduct versed sine of declination, 139 
Radius of diurnal circle (dinacyâsadala, dyujy4), 3299 


c. To find the earth-sine (ii. 61). 
The measure of the equinoctial shadow at Washington is (see note to 


ii. 61-63) 94.68. The proportion, then, 
12“ : 0*.68:1964" : 778” 


shows the value of the earth-sine (kshitijya, kujyá) to be 773’. 

d. To find the sun's ascensional difference (ii. 61-62). 

The proportion 

3299 : 34387::778' : 811" 
gives the sine of ascensional difference (carajyá), which is 811. The 
corresponding arc, or the sun's ascensional difference (cara, caradala), is 
13° 89/, or 819». 
8. To find the time from midnight to sunrise. 
The sun's declination being south, the ascensional difference is to be 
added | i. 62-63) to the quarter of the sun's complete day, to give the 

| — length of the half-night. That is to say, 


J 


“sz 


i? 
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of sun's complete day (21,661* + 4), 5,115" 
Bun's ascensional difference, * gig” 
Sun's balf-night, 6,234" 


The interval between true midnight and true sunrise 


is therefore 
6.234», or 17" 19". 


That from sunrise till noon (a quantity required in later 
processes) is found in like manner by subtracting the nscensional difference 
from the quarter-day: it is 4590r., 


Now then, finally, 


Time of opposition, reckoned from mean «midnight, 





55" gr 
deduct eqnation of time, 13” 

Do. reckoned from true midnight, 54" 50" 
deduct interval till sunrise, 17* 19° 





Do. reckoned from sunrise, 37° 31° 


The time at which the opposition of the sun and moon in longitude 


takes place, or the middle of the eclipse, is accordingly, by civil reckoning 
nt Washington, 37» 31*. 


VI. To determine the diameters of the sun, moon, and shadow. 


1. To find the sun's apparent diameter. 


The sun's mean motion in a sidereal day being 58' 58", his true 
motion at the time of the eclipse being 60/ 48", and his mean diameter 6500 
yojanas, we find, by the proportion (iv. 2) 

58' 68" : 60' 48" :: 6500" : 6702*.81 
that the sun covers of his mean orbit, at the time of the eclipse, 670281 
yojanas. ‘This is reduced to its value upon the moon's mean orbit by the 
proportion (iv. 2) 
57,753,836 : 4,920,000 :: 6702*.81 : 501*.97 
And upon dividing the result, 501:37 yojanas, by 15 (iv. 3), we find the 
sun's apparent diameter to be 33! 25”. 


2. To find the moon's apparent diameter. 
In like manner as before, the proportion (iv. 2) 
158' 95" : 854' 86" :: 480" : 5207.3 
shows us that the moon's corrected diameter is 520:3 yojanas. This also, 


divided by 15 (iv. 8), gives the value of the moon's apparent diameter in 
arc: it is 34’ 41”. 


4. To find the diameter of the earth's shadow. 
The following proportion (iv. 4), 
7?55' Q5" : B54' 90” :: 1600" : 1794".9 
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i^ determines the value of the earth's corrected diameter (sücf) to be 1734-3 


yojanas. 
Again, from the 
Sun's corrected diameter, 


deduct the earth's diameter (iv. 4), 


mains 


6702" .81 
1600 





5102" .81 


| š and this remainder, when reduced by the following proportion (iv. 5), 


6500” : 480” : s 5102*.51 : 376*.8 


gives us the excess of the earth's corrected diameter (súci) over the diameter 
ER ihe. shadow on the moon's mean orbit. Hence, from the 


Earth's corrected. diameter, 1734".8 
— deduct Jast result, — 3767.8 
oN PE 

——— of shadow, 1357 *.6 
xf SAB. divide by 15 

. P uf à 
' NM ` L Diameter of shadow ju arc, o 30" 

zw. Kb 
o _ VII. To determine the moon’s latitude at the middle of the eclipse, 


y — the amount of greatest obscuration. 
fa^ a z The proportion (i. 53) | 




























^ , 
— a +< 1,577,917, 828 : 332,2 8:: 1,811,081 : 266" " * 8" 7 7° 28' 29" 
: E gi es us the amount of retrograde motion of the moon's node since the 
9: eo Y icement of the Iron Age. Deducting from this 6*, for the position 
j ha of he : iode at | that time (note to i. 56-58), and taking the complement to ú 
whole — have 
; Parr bk: 
v. ML — 
| A x Je gitude of moon moon's node, mean. midnight, at Ujj., 9° 92" 31’ 35" 
SR ASS oct for diference of meridian, 1’ 21" 
- u 1285 — of moon's | a node, mean midnight, at Wash'n, 9* 22* So’ 14" 
55" 


E EOL o vet motion qarin | 56" a", 


Lone d ude ot moon" 3 node at moment of opposition, 
abtract ct from | moon `. longitude Gi, 57), 


"X stance from anode, — 
ire det rmioipg the sine (bhua), 
2: is — 
E 4 ' rop ori rtior 
Hence ‘the he p ; — 


9498" : 3 A97 š : 209° " 16 25" 

















— e — 





9* 22* 97° 19” 
8' 25° 56 
— — — — — 
6° 8° 29° 
3" 30’ 
200 














"46. 
gives 1 s, as the moon's latitude at the moment of opposition, 16’ 25"8. 
"1 Now, then, by iv. 10-11, 





A . i" i 


"M 1 
"s 2 - 


. . Semi-diameter of eclipsed body (W 417-9), 
^ Do. of eclipsing body (90' 30°+2), 





17 22° 
45° 15" 
their sur, 


62’ 37" 
deduct moon's latitude,  10' 25" 





Amount of greatest obscuration (grása), 46° 12" 


and since this amount is greater than the diameter of the eclipsed body, 
it is evident that the eclipse is a total one. | 


his is a most unfortunate result for the Hindu calculation to yield; 
for, in point of fact, the eclipse in question is only a partial one, obscuring 
about four-fifths of the diameter of the moon's disk. The source of the 
error lies mainly in the misplacement, relatively to the sun and moon, of 
the moon's node, and the consequent false value found for the mioon’s 
latitude. "The latter quantity actually amounts, at the time of opposition, 
to 35' 49", or more than twice the value given it by the Hindu processes. 
And it will be seen, on referring to the table on p. 143, that the relative 
error in the place of the moon's node, having been accumulating for seven 
centuries, is now about 34°, and so reduces, by more than half, the true 
distance of the moon from her node. We have tried whether the ad- 
mission of the correction of the bija would better the result, but that is not 
the case: the error of position is still (see the table) nearly 2°, and the 
moon's latitude is increased only to 24' 11", so that the eclipse still appears 
to be total. It is evidently high time that a new correction of bija be applied 
by the Hindu astronomers to their elements, at least to such as enter 
into the calculation of eclipses. 


a VIII. To find the duration of the eclipse, and of total obscuration, 
and the times of contact, immersion, emergence, and separation. i 


Diameter of the eclipsing body, the shadow, 90° 90 —— 9o 80” 
Do. eclipsed body, the moon, se ay war 










Som and difference, 


Half-sum and balf-difference (CM and CN, Fig. 2, p. i a 85 
Squares of do., j | * Sr THEE : 
deduct square of latitude, 






U^ ene n 

| un Se ee nl mm 
a ‘Square roots of remainders (CA and CB), 
y PL Me S EE. Se PURA 
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the difference of the true daily motions of the sun and moon at the given 


moment : 
Moon's true daily motion, 854^ 36" 
Sun's do., 60' 48" 


Moon's gain in a day, 793' 49" 


Hence the proportions (iv. 13) 


792’ 45" . 


— 


60' 25" : 4* 34° 
so :: Í 

21’ 19" : 1° 86° 4” 
give us the half-duration of the eclipse as 4^ 34", and the half-time of 
total obscuration as 1" 36" 4», supposing the moon's latitude to remain 
constant through the whole continuance of the eclipse. We now proceed 
to correct these results for the moon’s motion in latitude. And first, as 
regards the half-duration. We calculate the amount of motion of the moon 
and of her node during the mean half-duration by the following propor- 
tions (iv. 14): 
60*:854'36"::4* 34" = 1°56" 2" 
60"; 39'10"::4" 94" ; 14" 

















Farther, 
‘To and from moon's long. at opposition, 9° 25° 56’ 3° 25" 56’ 
add and subtract motion during balf-duration, 1” 4 I" SA 
Moon's long at end and beginning of eclipse. 8" 9° r 3° 94* 51" 
From and to long. of node at opposition, g* 32° 27' 21" 9* 22° 27 21" 
subtract and add motion during half.duration, 14” 14” 
 ———— r — — Á—— 
Leng. of node at end and beginving of eclipse, 9° 23° 27' 9* 32° 29° 
Moon's distance from node, 6° 4° 394" 6° 2° 23° 
Are determining sine, 4° 34’ 2° 33° 
Bine, 274" L 43 
Moon's latitude at end and beginning of eclipse, 21’ 31" 8. 11^ 14"8. 
From these valuations of the latitude we now proceed to calculate 
k anew, in the same manner as before, the half-durations, as follows: 
| Bquare of half-sum of diameters, 3919' 9910" 
deduct squares of latitude, 463 125' 
i as: 3456 9793 
Square roots of remainders, 58° 47” 51' 35" 


‘And the proportions 
58' A27" . 4“ 065" a” 


2 I 7 48” : 60° =f 
ad 61^ 35” : 4° 39° 2" 


aoe 


Ç give us the corrected values of the intervals between opposition and con- 
af, =a tact and separation respectively, or the former and latter half-durations, 
E: ‘as 4» 89* 2» and 4^ 26" 3». 

ae MEL s 

A ed el Nk Tau 

i — 
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The text contemplates the repetition of this corrective process, if still 
greater accuracy be required in the results attained: we have not thought 
it worth while to carry the calculation any farther, as a second correction 
would be of altogether insignificant amount. 

By n like process, the f6rmer and latter half-times of total obscura- 


tion, and the moon’s latitude at immersion and emergence, are found to 
be as follows :— 


Moon's latitude at immersion and emergence, 14’ 36" 


18’ 13" 
Hall-times of total obscuration, 


1" 42" 3° 1" 9)" 4" 
By adding the two halves we obtain 
Duration of the eclipse (sthiti), 


0" p" 5” 
Do. of total obscuration (cimarda), 


3* 12* 1" 

And by subtracting and adding the half-times of duration and of total 
obscuration from and to the time of opposition (iv. 16-17), we obtain the 
following scheme for the successive phases of the eclipse: 


Phase Time of occurrence : 
after mean midnight after sunrise 
First contact, 50" 23° 4" 32" 51° 4" 
Immersion, 58" 20° 3° 35" 48" 3" 
Middle of eclipse, 55" 3” OF 37* 31° O” 
Emergence, 66" 3à* 4" 39* 0*4" 
Last contact, 59" 29° 3" 41" 57° 3° 


The proper calculation of the eclipse 1s now completed. If, hewever, 
we desire to project it, we have still to determine the valana, or deflection 
of the ecliptic from an east and west line, for its different phases, as also the 
scale of projection. We will therefore proceed to calculate them, deferring 
to the end of the whole process any comparison of the results we have 
obtained with those given by modern astronomical science. 


IX. To calculate the deflection of the ecliptic from an east and west 
line (valana) for the middle, beginning, and end of the eclipse. 
1. For the middle of the eclipse. 


a. To find the length of the moon's day and night respectively at tho 
given time. 





Moon's longitude at ition, a‘ 95" 56' 
vidua < 20° 25° 
Moon a distance from vernal equinox, 4 16° 21° 
Arc determining sine, i 43° 99° 
Bine, 2972 


The moon's declination is then found by the following proportion 
(ii. 28): 


9436’  1891'::2979' : 904 — sin 16° 17" 
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D. VI "'Moon'a: declindtign 16° 17° N. 
p wa _ deduct her latitude (ii, 68), 16' 8. 
ae . Moon’s true declination, . 16° Y N. 
Aa y . . . Bine of do., 048" 
"v = a | Versed sine of do., 135° 
— ele J dednct from radius oe 60), 3438 
ET See Moon's day-radius, — 
AT Again, to find the earth-sine, we say (ii. 61), 
BI : 12* : 9°.68::948" : 765' = earth-sine 


and to find the ascensional difference (ii. 61-62) 

pom 8303” : 3438' :: 765' : : 796’ = sin 13° 24' or 804". 

The excess of the moon’s complete revolution over s sidereal day is found 
) y t he — Gi 59) 















xps 1800 ; 1795" ::849' 33" : 848” 
I v: Y Ati quis to a sidereal day, | or 21, 600», we find that the moon's day is 
Increase and diminish this by 


moon a “ascensional difference (ii. 62), end the half-day and hait-night 


n: yd Jaborious process of —— the length of the moon's 
day, Ys or the time | which, with the given declination, she would occupy 
on the horizon to the meridian, is rendered necessary Ly the 
: w ich the commentary applies to the rule of the text in which 
ET moc Or sd iour-angle is involved, as pointed op. in the note to iv. 24-25 
T above) We now proceed 

m Ló e hour-angle, and the ed hour-angle. 

x A tth — ot opposition, the moon's hour-angle is evidently the 


same wi ith that ot the | AMD: Hence it may be found as follows : 












ve on mene (rom sunrise, 97° 31", or 13,506" 
| ay, — 9,19” 
l | | A 1 I 4.314 j: 
è | qu Y w I i ‘ase í 

oar | 3 Is 
1.921 * 


ance in time Ros inferior meridian, 


= distance Ç eastward from the upper meridian is accordingly 
jàle. This is corre or reduced to its proportional value as a part of 
oon” s | v solution. RES the horizon to the meridian, by the 


* M UZ os i > VU ae » y > 
we 1 low ir AS d 4 I GIJE j 4! 
) 4.49 «1 4 "KY | 


"he moor 3r , 


{fal er : go” :; 1991” : 96° 67’ 


. 


& 








x "The moon's corrected hour-angle, then, is 26° 57': its sine is 1557/. 
Or ih, s GeO determine the amount of deflection for latitude (valandngds, or 
üksha valana—iv. 24). 

The sine of the latitude of Washington, 38° 54’, is 2158'. Hence the 
proportion 

$438’ ; 1557' :: 2158" : 077' — sin 16° 31' 

gives us 16° 31/ as the value of the quantity sought. The moon being in 
the eastern hemisphere, it is to be reckoned as north in direction. 


d. To determine the amount of deflection for ecliptic-deviation (dyana 
valana—iv. 25). 


Moon s distance from vernal equinox, 





4° 14° 91” 
add a quadrant, 3 3° 
their sum, 7° 16° 21’ 
arc determining sine, 46° 21° 
vae, 2488' 


Hence, by ii. 28, tho proportion 


8498’ : 1397' :: 2486” : 1010’=sin 17° 6° 


gives us 17° 6 as the amount of declination of the point of the ecliptic 

which is a quadrant in advance of the moon, and this is the deflection 

required. lts direction is south. We are now ready for the final process. 
e. lo ascertain the net amount of deflection (valana), in digits 





From the ecliptic-deflection, 17" 0'B. 
deduct the deflection for latitude, 16° 31' N. 
remains the met deflection, in are, 35 B. 
divide (iv. 25) by : TO 

Deflection in digits. 0*.508 


It thus appeárs that, at the moment of opposition, the part of the 
ecliptie in which the moon is situated very nearly coincides in direction 
with an east and west circle. The amount of deflection is so small that 
in our projection, given in connection with the sixth chapter, we were 
obliged to exaggerate it somewhat, in order to make it perceptible, 

2. For the beginning of the eclipse. 

As, owing to the moon's motion 







d of the eclipse 
first part of the 
half-day, as it 
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This we take the liberty of omitting to do, as the modification thus intro- 


duced into the process would be of very small importance. 
a. To find the moon's corrected hour-angle. 


And first, for the sun's hour-angle : 





‘ime of first contact, reckoned from sunrise, 32* 51° 4", or 11,830 * 
deduct the whole day, 9,192" 

i remain 2 638” 
deduct from the half-night, 6,235 * 
— 

8.591 * 


Sun's distance in time from inferior meridian, 


is the hour-angle of the centre of the shadow nt the time 
tre of the mooa in longitude from that. 
This is reduced 


This, then, 
of contact. The distance of the cen 
d above (under VIII) to be 61" 35", 


of the shadow was foun 
to its value in right ascension by the proportion 
M < 1800 : 1795" ::61' 35" : 61".4 
Now, then, 
from the hour-angle of the shadow, 3,597" 
he moon'a right ascension, 61” 





deduct the difference of t 
Moon s hour-angle at beginning of eelipse, 3,536" 
ication of the process taught in iii. 
le is now corrected, as before, by t 


6416" : 90° :: 3536" ; 49° 36° 


This is virtually an appl 50. 
=- The moon's hour-ang he proportion 


“Whe sine of 49° 86” is 2017". x 
dai; T "To find the deflection for latitude. 
. The proportion 
IET 9438“ ; 2158' :: 9617” : 1643 = sin 28° W 
34’, which is north, as before. 


B 
* 








- Y Ç w 43 "1 s+. — * 

f gives us the deflection for latitude as 28° 
* e. To find the ecliptic-deflection. 
Cer". , | 

r. Moon's distance from vernal equinox at opposition, 4° 16" 21" 

n deduct motion during 4° 39" 2P, 1* a 

j 4 —  — 

_ w. >. ". Do., 4* tune of contact, 4° 15" 15° 

: | add a quadrant, ge 
7" 5° MY 
45* 15° 
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shows us that the ecliptic-deflection is 16° 47'; it is, as in the former 
case, south. 


d. To find the deflection, in digits. 
From the deflection for latitude, 





28° 94' N. 
deduct the ecliptic-deflection, 316° 47° 8. 
remains the net deflection, in arc, 11° 47° N. 
jis sine is 702’ 
divide by 70 


Deflection, in digits, 
3. For the end of the eclipse. 


Of this process, which is throughout closely analogous to the lust, 
shall present only a brief statement of the results. 


Hour-angle of the centre of the shadow, 


we 


322° E. 
Distance of the centre of the moon in right ascension, 59” B. 
Moon's hour angle, 981” E. 
Do., corrected, 5° 20 
Sine, 320° 
Deflection for latitude, 8° 21' N. 
Moon's distance from vernal equinox+ 3°, T° 17° 34 
Are determining sine, 47" w 
Sine, 2530° å 
Ecliptic-defiection, 17° 24° 8. 
Net deflection, in arc, 14* 3' 8. 
Do., in digits, 11^.93 8. 


The mode of application of these quantities in making a projection 
of an eclipse is sufficiently explained in the notes to the sixth chapter, and 
illustrated by the figure there given, which is adapted to the conditions of 
the eclipse here calculated. All the quantities entering into the projection, 
however, of which the value has been stated in minutes, require also to be 
reduced to digits, according to a scale determined by the following process. 

X. To determine the scale of projection of the disks and latitudes 
(iv. 26). 

This process we will perform only for the moment of opposition, or 


for the middle of the eclipse. At this time, as has been seen above, we 
have 


Moon a half-day, 


6416” 

Do. bour-»ngle (mala), 1921” 
Do, altitude in time (uwnnata), 4405" 

add 646 v. 3 19,342" 

the sum is 23,743" 
divide by 6,416 * 

! — Q 

the quotient is - 3.7 


= Lob -— - Am. 
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At the elevation, then, which the moon has when in opposition, 3'.« 
make a digit, and by this amount the values of the disk of the moon, the 
shadow, and the latitudes, are to be divided, in order to reduce them to a 

. scale upon which they may be plotted. It is evident that, in strictness, the 
same caleulation requires to be made also for the time of contact and the 
time of separation, or the time of any other phase of which the projection 
is to serve as an illustration: but it is evident also that this is wellnigh 
impracticable, since one projection could then be used to illustrate only « 
single phase, unless several different scales should be employed in the same 
figure. 

It now only remains for us to present 4 comparison of the elements 
of the eclipse, as thus calculated, with their true values as determined 
by modern astronomical science. This is done in the annexed table. The 
‘true elements we take from the American Nautical Almanac for 1860. In 

comparing the time of the middle of the eclipse, we take, as already men- 

 tioned, the value of it given by the Hindu process as calculated from mean 


* 


midnight. 
Sarya-Siddbanta. Am. Naut. Almanac. Hindu error 
Time of opposition in long., 9* 577 35° P.M. 0* 277 10'.8 r.m. + 307 24° 
Moon's long. at opposition, 136° 21° 197° 35° 63°.7 — 1° 15 
^o» Jat. 836 o — 16° 35” 8. 95° 42".1 8. — 19° 11" 
| 4. hourly motion in long.. 35' 37" ss 076 -= 2 24" 
 Bemi-diameter of sun, l 16’ 42” is’ 1672 + 27" 
d? zx. of moon, 17' 20" 16, 42".6 + 37" 
n | do. of shadow, 45' 15" 45' 16" - 1" 
Amount of obscuration, 1.33 0.812 B 0.518 
— Whole duration of eclipse, 3° 37" 44° 9^ 59" 24° + 457 20° 


i m4 š IM 3 
25. p. 177. Our next note 15 à 


2 Q s - ° 
CALCULATION, ACCORDING TO Hixpu Data AND METHODS, OF THE DOLAR 
"ded. | Ecurpsg or May 26rnu, 1854, 


. FOR THE LATITUDE AND LONGITUDE OF WILLIAMS' COLLEGE, WILLIAMSTOWN, 
E- MASS. 


|. As has been already mentioned in the closing note to the fifth chapter, 
the following calculation of a solar eclipse was mainly made -for the 
ranslator, while in. India, by his native assistant. Some additional cal- 
ulations have been appended here by us, in order to render the whole 
j)cess à more complete illustration of the rules as given in the text of our 
| d to reject and replace certain parts- of the 
of their inaccuracy. For the most part, 
work as it was made, although involving some repetitions 
| uperfluous, after the explanations and illus- 
notes and in the preceding caleulation of a 







>> 
— ° 


a IA >. 






es HL Cons ~ — — entitled “ Solar — Lunar Eclipses 
illustrated and explained, with the method of caleulating them, 
— to the theory of Astronomy as taught in New-England Co'leges " | 
(New York, 1845). 


I. To find the sum of days (ahargana) from the ECE BOSEIARES of the 
| planetary motions to the time of calculation. 

The eclipse in question occurs at *he close of the month Vaigakhe, 
the second month of the luni-solar year, in the 1777th year of the era of 
Cáliváhana (see add. note 12). To compute, then, the number of whole 
years, and to reduce them, with the remaining part of a year, to mean solar 
day 8, we proceed as follows: 














Sandhi at the beginning of the kalpa, 1,728,000 
‘Six mancantaras, 1,850,088,000 
‘Twenty-seven maháyugas t the seventh Manu, . 116, 640,000 
1,969,056,000 
deduct the time spent in creation, 17,064,000 
From creation to beginning of 28th maoháguga, 1,951,992,000- es 
s Krta yuga of 28th or current maháyuga, 1,728,000. ` 
Dedpera yuga of 3 . $64,000 _ 
Kali yuga, to era of Cáliváhana, 3479 
Complete years elapsed of the era, 1,776 
| f 
From the creation to end of March, 1854, complete years, 1,955,884,055 
to reduce to solar months, multiply by w 12 
Solar months, ea. 23,470,619,460 
add month of current year elapsed, i 1 
Whole number of solar months, : 23,470,019,461 


Now, to find the interealary months, we make the proportion 
61,540,000 : 1,503,996 :: 29,470,019,461 : 721,984,701 






Then, to - UNE 
Solar months elapsed, | |. — 83,570,019,461 
add intercalary months, 2] wd Mies x ote MEL 
n à tiia — — xt 
I Lunar months elapsed, . * 31,192,001, cod 
to reduce to lunar diy», — by Y. 0770994. 


A * * re 
- , m 
: p s — 
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Farther, to find the number of tithikshayas, or omitted lunar days, in 
this period, we say 
1.603,000,080 : 25,082,252 :: 725,760,124,880 ; 11,356,018,962 


+ 


Next, from 


Lunar days elapsed, 725,760,124 889 
deduct omitted lunar days, 11,356,018,962 
Mean solar days elapsed, i - a 714,404 106,727. 


This, then, is the required ‘ahargana, or sum of ‘days from the com 
mencement of the planetary motions to about the time of new moon ; 
May, 1854. The processes by which it is found are in all. respects the 
same with those illustrated by us in the notes to i. 21-23, 24, 48, 48-51, 
above. It will be noticed that the Hindu astronomer, at least when 
working out an illustrative process, like the one in hand, scorns to make 
use of any of the means for reducing the labor of computation which 
the text directly or impliedly permits, and of which, in our own calcu- 
lations, we have been glad to avail ourselves. 

II. ‘Yo ascertain the mean longitudes of the sun, the moon, the sun's 
apsis, the moon s apsis, and the moon's node, for mean midnight. on thc 
Hindu meridian, at the given interval from the creation, 

The amount of motion, since the creation, of the bodies named, in 


their order, is found by the following series of proport ions : 


1.577,917,828 : 114,404,106,527 =: 4,320,000 : 1,955,884,055* ** 1* 127 14" 14" 
1,577 ,917,828 711.401.106,527 =: 57,153,336 : 26,147 8° 187.1 ° 9° 44 qu 
14.577,017,828,000 : 714,104,106,527 :: Sa? : 175'**2* 17" A 507 
1,577,017,828 114.4104,106,527 =: 488,203 : 23 134,467: **23* 21" 56 9" 
1,577,917,828 : 714,104,106,527 ; : 232,298 : 105,146,020* * *10* 7" 17 23” 


ae 14 


Rejecting whole revolutions, and, in the case of the moon's node, 
subtracting the fraction from a whole revolution, we have, as the mean 
longitudes required : | 


Sun, i* 12° Lt 1” 
Moon, 1 oF 14' 29 
Sun's apogee, g. 17° 17" 23° 

f a ce Q* 3] * 56' 9” 
— £. 12 ° 48" 10” 


The ‘Hindu calculator has taken, in the case of the moon š apsis 


I9 and node, the numbers of revolutions. given by the text, omitting the 
^ amrrection of the bíja. We have not, in order to test the accuracy of 


— his arithmetical operations, worked over again the proportions, except- 








Ee nd th odi Sy nal of Abs; Non s motion to be 12! ! 43 )— noi 
enough to render any modification necessary. 
| LI. ‘Yo ascertain the values of the same quantities at mean sunrise 
on the equator, or 6 o ‘clock. 
In order to this, we must add to each planet's longitude one fourth 
the amount of its mean motion in a day. We require, then, th= mean 
daily motions. They are found as follows, taking the sun as an example: 


1,877,017,828* : 4,320,000" * ;: 1” ; 59 8” 10^" 10””.4 


We omit the other proportions and their results, as the latter have been 
fully stated in the table of mean motions of the planets (note to ,,29- 34). 
Adding a quarter of the daily motion, we have as follows: 


T 
I 


1 ong. at midnight. Correction. Long. at sonziee. i 


T Sun, r'i1214 147 + à 1447 = riga, 
Moon, 1° 9^ 44’ 29" 3714917' pe 5.  Y* JR" QD OTT 
Sun's apogee, g' 17°17 23" + = mim 93" 
Moon a apogee, 2° 21° 56" 9" + riu 2'21* ov 49" 
Moon's pode, 1519249910” — 48° = 1° 19° 47’ 92 


IV. To ascertain the values of the same quantities at mean sunrise : 
upon the equator, on the meridian of the given place. 

Adopting 75° 50’ as the longitude of the Hindu meridian east uum 
Greenwich, we have, as the interval in longitude of Williams” College 
from it, 149° % 30", which is equal to 24" 50" 2». The lati! tude is. 
42° 49' 512. We have, then, first, to determine the distance of the place 
in question, upon its own parallel of latitude, from the Hindu meridian. 

The equatorial circumference of the earth has been found above (note 
to i. 59-60) to be 5059.64 yojanas. Its circumference upon the paral- 
lel of latitude of Williams’ College is found (i. 60) by the following propor- 
tion : 


3438'(= R) : 2525'(=cos 49^ 42" BL"): : P *. 64 : 37157.97 


The degántara, or difference of longitude in yojanas, is then deter- 
mined thus: TK 
€0* : 24* 60 2^ ::3715*.07 : 15387.41 — 

And the deçántaraphala, or correction for difference ç of ena ek 
calculated from the daily motion of each body, kA: such a proportion as — - 
the one subjoined, which gives the sun 's — | (fe "Ws - < A e "1 7 


os ita — en 
jener: 9T Ld 


E — e omit. the otbar p ‘Prope 
L= the following tablet... 5d 
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Sunrise at Lanka. Correction. Bunrise on giv. merid, 

Å 1° iz 29 1" — ^ a w^ om 1" 12 53 98” 

1'13 2 8” + 527 127 ~- 1° 18° 29 90” 

* Ter 23" + QO _ 2° 17° 17' 23 
32° 91267 49” + 2° 45" = Q° 22 o 34" 
1° 12° 47°22" — 1’ 19” - t’ 12° 46’ 3" 





63-65) called attention to the excessively 


—— We have already (note to i. 
ss for making the correc- 


— awkward and eumbrous character of this proce 
"c: tion for difference of meridian. 


“V; To find the sun's true longitude. 
9* 17" 17” 23” 





) ee From the longitude of sun's apsis, 
Vi g deduct sun's mean longitude (ii. 29), 1° 12° 53 29" 
2 Sun's mean anomaly, 1° 4° 27 55” 























* 

e" 

P Ts ç 

e NT D T Sine, 
"^ i 


e diminution of the sun’s epicycle is now found by the following pro- 


Nu S 3438' : 20° :: 1927' ; 11' 12" 
then (ii. 34), 14? — 11 12^, or 13° 48 48". 


T he dimensions o of the epicycle are, 


ext, the proportion ii. 39) 
| 9860* : 13° 48° 48” :: 1927 : 74' 11” 





-> 


MY 





| E. sun's equation of the centre, wbich, by ii. 45, is additive. 
— E : 
"Y us d Sun's long itude 1° 12° 53’ ag" 
"S » MS eq ongitu. 1" 14’ n^ 
[ * fy 14* g 89" 


à — Sun *s longitude, LI 
Th is calculation exhibits a rather serious error: the sine of 34° W, 
anomaly, is 1942, not 1927. The final result, however, is not për- 


spt tibly modified by it: the equation ought to be 1° 14' 30", and the tme 
o 1s 14° T 68”. 
To fina d the moon’ 's true longitude. 

2° 23° of 34” 


^ gitude of the moon "a apsia, 
I š — X an longitude. 1° 18" 2 207 








L° 3° 31” 34” 
D Dimir — ey |^ ms | | IM^ 2 
Dimensior | ges c» ! 31' 48' 58" 
PO t * s ; | | + a” 47’ 


1* 18° 29' 20" 
3° 47° 


a" ai 16' 20" 





ons true longi y — — S ; 4 
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k: y xn mu «ix T } | ELE | 
E c Vie ov RN — — daily natione of the sun 1 and moon. 
+ë 7 "The equations of motion for the sun and moon have been found by 
| — the caleulator of the eclipse by the following proportion: as the whole 
orbit of either. planet is to its epieycle, so is iis mean daily motion to the 
required equation. "That is to say, for the sun, 








960" : 13" 48° 48" :: 59' 8“ : 2° 16" 


which, by n. 49, is subtractive. 
9! 16", or 50 52”. ` 


Again, for the moon, 


Hence the sun's true motion is 59! 8“ — 


mas walle £ . 950" ; 31" 48' 587 ;: 790° 35" : 69° 36" 


And the moon's true motion is 7900’ 35" —60' 36", or 720 59". 

These calculations are exceedingly incomplete and erroneous, ns may 
readily be seen by referring to the corresponding process in the other 
eclipse, or to that given as an illustration in the note to ii, 47-49. The 
actual value of the sun's equation of motion, as fully calculated by the 
method of our treatise, is only 1' 51"; that of the moon is only 59' 49": 
whence the true motions are 57 17" and 731! 46" respectively. "These 
are elements of so much importance, and they enter so variously into the 
after- operations, that we have hesitated as to whether it would not be 
better to cancel the whole work of the Hindu calculator from this point 
onward, and to perform it anew in a more exact manner; but we have finally 
concluded to present the whole as it is, as a specimen—although, we hope, 
not a favourable one—of native work; pointing out, at the same time, its 
deficiencies, and cautioning against its results being accepted as the best 
that the system is capable of affording. 

We have thus far found the true longitudes of the sun and ‘moonitfor 
the moment of mean sunrise at the equator, upon the “meridian of the 
given place. We desire now farther to find the same data for the 1oment 
of sunrise upon the some meridian in latitude 42° 42’ 51” N. 


VIII. To find the longitudes of the sun and moon at sunrise in long. 
149° 2’ 80", lat. 42° 42' 51" N. 


. To calculate the precession of the equinoxes (iii. 9-12). 
The proportion | > 


1 577,917,828" : 6007 * * 1:714 AOL, 1C6,597 : 271,050' * 8' 7° 4b’ 2." 


gives us the amount of the motion of the equinox in its own circle of 
libratory revolution, since the beginning of things. Rejecting complete — 
revolutions, and deducting 0^ from the fraction of a revolution, we » have 
the distance of the equinox from the origin « of the sidereal sphere, in terms 
of its. own revolution, as 67° 45 390 a three 
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9. To calculate the sun's declination. 








Sun's longitude, 1° 14° 7'39" 
Precession, 20" 19° 36" 
Sun's distance from vernal equinox, a* 4° 27' 15" 
Sine, 3101* 


Then, by ii. 28, 
3138" ; 1397' :: 3101" : 1260' — ain 21° 31" 8” 
the sun's deelination is therefore 21° 31’ 9". 


8 To calculate the sun's ascensional difference. 

The radius of the sun's diurnal circle (dyujya—ii, 60) is 3199. 

The equinoctial shadow in the given latitude is 114.07, being found 
by the proportion (iit. 17) 


cos lat. : sin lat.::goom. : eq. Shad. 
or 
2595”; 2330' ::12^ : 11*.07 


Again, to find the earth-sine (kujyá—ii. 61), 
12^ : 11*.07 ::1260' : 1162" 

And, to find the sine of ascensional difference, 
190° : 3438' :: 1162' : 1249 


The corresponding arc is 91° 19, or 1279'; and since a minute of are 
is equivalent to a respiration of time, the sun's ascensional difference in 
time is 1279P, or 213*, or 3^ 337, rejecting the odd respiration. 


4. To ealeulate the length of the sun's day. 

The sun being in the third sign, of which the equivalent in right 
ascension (iii. 42-45) is 1035», the excess of his day over 60 nàdis is found 
by the proportion 

1830 : 1934 ::59'8":063* 


whence the length of his day is 21,603». 

In this calculation of the length of the sun's day, the operator has 
taken the mean, instead of the true, motion of the sun, which is obviously 
less accurate, and which is contrary to the meaning of the rule of the 
text (ii. 69), as explained by the commentator. 

Now, in order to find the difference between the sun's longitude nt 
sunrise on the equator and sunrise on the givet: parallel of north latitude. 
we make a proportion, as follows: it in his whole day the sun moves an 


ur 46 


> 








Sürya-Siddhánta 





amount equal to his daily motion, how much will he move during an interval 
corresponding to his ascensional difference? or 


91,663” : 59' 8"::1279* : 3' 29" 


“The sun's declination being north, sunrise on the given parallel pre- 
cedes sunrise on the equator, and hence this result—which is called the 
carakalás, ** minutes (kald) of longitude corresponding to the ascensional 


difference (cara)'—is to be subtracted from the sun's longitude as formerly 
found. ‘That is to say, 


Sun's longitude at epuatorial sunrise, 1* 14* 7' 90” 
deduet the correction (carakalds), g 90" 





Sun's longitude at sunrise, lat. 42" 42' 51" N., ; 1° 14* 4' 10" 


long. 149" 2° 30" W. from Lanka, 


In finding the corresponding value of the moon's longitude we apply 
first a correction for the sun's equation of place; it is, m fact, the equation 
of time, calculated after the entirely insufficient method which we have 
already fully exposed, in connection with part V of the preceding process. + 
The proportion is (ii. 46) as follows: 


21.600' : 790 35" :: 1° 14' 11“ : 2 43" 


Here, again, bad is made worse by taking as the second term of the 
proportion the moon's mean, instead of her true, rate of motion. It is to 
be noticed that a like correction should have been applied also to the sun's © 
longitude, but was omitted by the calculator, We have, then, 


Moon's longitude, mean equatorial sunrise, 1' 21° 16’ 20" 
add the correction for the equation of time, - 2 43" 
Moon"'s longitude, true equatorial sunrise, 1'21"19' 3" 


Now we apply farther the correction for the sun's ascensional differ- 
ence (carasanskdra); it ia caleulated in the same manner with that of the 
sun, nnd its amount is found to be 47’ 51”. 





Moon's longitude, true equatorial sunrise, 1° 21° 19 3" 

deduct the correction for the sun's ase. dif., 47° 51” 

Moon s longitude at sunrise, lat, 42° 42° 517” N., 1° 20° 31' 12" 
long. 149° 2° 30" W. from Lanká, 


On comparing the longitudes of the sun and moon, às thus determined, 
it ig seen that the time of conjunction is already past, Hence the calcula- 
tion is carried a day backward, by subtracting from the longitude of each 
body its motion during a day. That is to say, 


- 
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Longitude, e. Ls Longitude, 
sunrise following eclipse. day s motion. sunrise preceding eclipse. 
Bun, 1' 14^ 4' 10" _ 56' 52” - t' 122 7/18" 
Moon, Be 20° 31” 12" —-— 127 0 59" = 1' £ aw 19” 
Moon's node, 1° 12" 46’ 3" + al’ 11" = 1° 12” 49° 14" 


This is an entirely uncalled-for, and a highly inaccurate proceeding, 
By the rule given in our text (ii. 66), it is just as easy and regular a process 
to fihd from any given time the interval to the beginning of the current 
lunar day by reckoning backward, as that to the end of the day by reckoning 
forward. And to assume that the whole calculation may be transferred 
from one sunrise back to the preceding by simply deducting the amount of 
motion in a day as determined for the former time is to take a most un- 
warrantable liberty, and to ignore the change during the interval of many 
of the elements of the calculation, as the sun's and moon's rates of motion, 
the sun's declination and ascensional difference, etc. In makiag the 
‘transfer, moreover, the longitude of the moon's node has been taken as 
found for mean equatorial sunrise, without any correction for the equation 
of time, or for the sun's ascensional difference. 


IX. To find the time of true conjunetion, and the longitudes of th 
sun, moon, and moon's node nt that time. By ii. 66, from the 


‘Moon's true longitude, 1 Fw 197 
2 deduct the sun's do., 1*19* 7'38 


— — 





remains tL’ 25° 22’ 55" 
divide by the portion of a lunar day, 120 





— — — 


the quotient is 


| š 29“ and 442" 55" 
deduct the remainder from a whole portion, 720° 
romains == ~ ' 277 5” 


This process shows us that the moon has still 277! 5" to gain upon 
the sun, in order to arrive at the end of the thirtieth or last day of the 
St ee, — << ~ - 
lunar month, or at conjunction with the sun. 





| a Moon's true daily motion, 720 59” 
— . deducet the sun's do., s Bs 
n's daily gain in longitude, I A 






OK ' 664" 1" : 60^ ::217' 5" : 25" 9" 
je time of conjunction, reckoned from sunrise, as 25% 2* 
EET xe c 2^ y | 
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Now, by iv. 8, we proceed to find the longitudes for that time. The 
amounts of motion during 25° 2* are found by the following proportions : 


56" 62": 23° 45" 
60° : 25" 9" :: < 720° 59” : 300° 48” 
8 731", 3^ 19" 


Then, to the 
Sun's longitude at sunrise, 1°: 19? 7'18” 
add the correction, a4’ 43" 


Sun's longitude sot conjunction, 


1*19* M1 1” 
Moon's longitude at sunrise, 1° 8° 30’ 13" 
add the correction, 5° y 48” 





Moon's longitude at conjunction, 1° 18°31" 1" 
Node's longitude at sunrise, 1* 12^ 19" 14" 
deduct the correction, l' 19" 





Node'a longitude at conjunction, 1' 19° 47' 55" 

The mode of proceeding adopted by us above, in the lunar eclipse, 
for finding the time of the middle of the eclipse, and the longitudes of 
the sun and moon at that time, is, as will not fail to be observed, quite 
different from that of the native calculator of this eclipse. That followed 
by Davis, or his native assistants (As. Res., ii. 273 etc.), varies considerably 
from both. Our own method, though varying in some respects from that 
contemplated by the text, is a not less legitimate application of its general 
methods than either of the others, and it possesses this important advantage 
over both, that we were sble to verify it, and to show, by calculating the 
mean and true places for the given instant, that the latter was actually the 
one at which the system made the opposition of the sun and moon to take 
place: while, on the contrary in the process now in hand, so many errors 
have been involved, that, were the same test to be applied, we should find 
the centres of the sun and moon many minutes apart at the moment fixed 
upon as that of conjunction, ond the place of conjunction as far removed 
from the point of longitude above determined for it. 


X. To find the apparent diameters of the sun and moon. 


These quantities are determined by means of the following proportion : 
as the mean daily motion in yojanas is to the mean diameter in yojanas, so 
is the true motion in minutes to the true diameter in minutes. Thut is to 
say, for the sun and moon respectively, 


* + (500* ; ; Gb’ 82" : 81 10" 
“ 11,8683" : 480" ; : 720° GO” ; 29' 2" 
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This method is in appearance quite different from that which is pre- 
scribed by our text (iv. 2-3), but it is in fact only a simplification, oz reduc- 
tion, of the rules there given. Thus, for the moon, the text gives 

mmol, in minutes : true mot. in min. ;: m.liam. in yoj.: true diam. in min. x 15 
'l'ransposing, now the middle terms, transferring the factor 15 from the 
fourth term to the first, and noting that the mean motion in minutes, when 
multiplied by 15, gives the value of the same in yojanas, we have the former 
proportion, namely, 

m. mot. ip yoj. : 1n. diam. in yoj. : : true mot. in min. : true diam, in main. 

Again, in the case of the sun, the rules of the text give 

m. mot, in min. : true mot. in min. :: m. diam. in yo]. : true diam. in yo]. 
end true diam, in yoj true diam. in min. x15x (sun's orbit--moon's orbit) 

Now transposing the second and third terms of the proportion, sub. 
stituting for the fourth its equivalent as here stated, and transferring to 
the first term the last two factors of that equivalent, we have 
sun's orbit ` 
| moon's orbit 
“But the first term, as thus constructed, is, by the method of determination 

of the planetary orbits (see xii. 81-83), equal to the sun's mean daily motion 
upon his orbit reckoned in yojanas: hence the proportion becomes for the 
sun, as for the moon, 


m. mot. in yoj. : m. diam. in yo]. : : true mot in min. : true diam. in min. 


m. mot, in min. w 15 * : m. d. in y. 1: true mot. in min. : true diam. in min. 


» XI. To calculate the parallax in longitude (lambana), and the time 
of apparent conjunction (v. 3-9). 
- 1. To find the orient ecliptic-point (lagna) at the moment of true con- 
junction (iii. 46-48). | 
In order to this, we require to have first the equivalents in oblique 
ascension (udayásavas) of the several signs of the zodiac for the latitude 
of Williams' College, 42° 42) 51" N. We present annexed their values 
as employed by the calculator of the eclipse, and also as calculated by 
ourselves according to the method taught in our text (ii. 42-45). It will 
be noticed that the differences are not inconsiderable, and evince much 
carelessness on the part of the native astronomer; who, moreover, employs 
- yinüdis only in his processes, rejecting the odd respirations, which is an 
| inaccuracy not countenanced by the Sürya-Siddhánta. 


Equivalent in oblique ascension : 
| acc. 


acc. to calculator. to us. 
1008” 12th eigo 
12357 lith .. 
16997 Oth =v 
2171” 9th +» 
2352" sth 





2292" P. i, 
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The equivalents assigned by the Hindu calculator to the 3rd and 4th 
signs are moreover, it may be remarked, inconsistent with one another, 
since the one ought to fall short of 1935» by as much as the other exceéds 
that quantity. 

Now, then, to the 





Sun s longitude at conjunction, i*19 81 1" 
add tlie precession, 20° 19° 36" 
Sun's distance from the equinox, 2° 3 60’ 37” 


It appears, accordingly, that the sun is in the 3rd sign, and 26° 9 23” 
from the beginning of the fourth. Hence the proportion (iñ. 46) 
30° : 257*::26" 9 23" : 250" 
give us 250° as the ascensional equivalent of the part of a sign to be 
traversed (bhogyásavas). ‘The time of the day, or the sun's distance in 
time from the eastern horizon, is 25% 2°, or 15027. Then, from the 





Time of conjunction, 1602" 
deduct asc, equiv. of part of 3rd sign, 250" 
remains 1252" 

deduct asc. equiv, of 4th, 5th, and 6th signs, 1134* 
remains 116" 


This remainder of time, or of ascension, is reduced to its value in arc 

of the ecliptic by the proportion (iii. 49) 
388° : 30°::118" : 9° 7° 25“ 

Add this result to the whole signs preceding, and the longitude of the 
orient ecliptic-point (lagna) is found to be 6* 9° 7 25": its sine ts 544’ 
(mere correctly, 545’). 

2. To find the orient-sine (udagyajyá—v. 3). 

This is found by the proportion 

: 2525 ; 1397: : 544 : DOL’ 
9525' being the cosine of the latitude, and 1397’ the sine of the inclination 
of the ecliptic (ii. 28). 

3. To find the meridian ecliptic-point (madhyalagna—iit. 49). 

In order to this, we must first know the sun's hour-angle (nuta), or 
distance in time from the meridian; it is determined as follows: 


A quarter of the complete day, 
add the son's asccensional difference, 


The son's half-day 


15* a)" 

3" 33" 

18" 33° 

deduct from time of conjunction, . 25" 3° 





Sun's hour-angle, west, g" 20° 
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Ka Y š Dee sun's distance from the beginning of the fourth sign was found 
— a, ‘be 26° 9' 287, Its equivalent in right ascension (lankodaydsavas) 
| is found by the following proportion (iii. 49): 


— | X ; 393" ::96" Y 99" : 285 
Now, from the 
$ | éd | Sun's hour-angle. 6" 29", or 389" 
mia , deduct the result of the last proportion, 285° 
F  zemains 104*- 


[^ 


ç and ‘this ; remainder, being less than the equivalent of a sign, is reduced 
n to its value as longitude by the proportion (iii. 48) 
s f 323" : 30* :: 104* : 9* 3' 57" ° 
| The longitude of the meridian ecliptic-point is accordingly 9* 9° 3! 57". 
Uns ‘its sine i is 89923/. a. 
=.) M In criticism of the process as thus conducted, we would only remark 
“that th ie —— of the sun's day should have been called 15% 2* iP (see 
© eom ; . 4), and that io take 323* us the equivalent in right ascension 
“of the third a fourth sigue ia inaccurate, the value given it by our treatise 
— 
peng: ung or 3223". - 
_ To f find the meridian-sine (madhyajyá—*v. 4-5). 
— rat, the declination of the meridian ecliptie-point is determined by 
Sy E paaria qi 28) 
— 9438" : 1397'::3399' : 1378'—ain 23° 39 37” 
l value being north, it is deducted from the latitude of the place for 
w loh € the calculation is made, since this, though by us reckoned as north, 
o the | Hindu apprehension (iii. 14) always south, being measure south 
he zenith to the equator. That is to say, 
x deg given. latitude, 42* 42° 51^ 
du E of. merid, ecliptie-point, 23* 39' 37” 
a Sa 
Meridian sanith-distance (natdngds), 19° 3 14 
e sine » of this awe, which is 1117, is the meridian-sine. 
e is another blunder of the calculator; the sine of 19° 3⁄ 14^ is 




















To find the sine of ecliptic zenith-distance (drkkshepa), and the sine 
scliptic-al a (à ti). 

ptic-altitude ( rgga 
is Firs t, by v. 5, 


la ncs ^ 4 


E ; 901* :: 1117" = 97' 487 


0,564" 
1,247,650" 


1,235,125 
ls 
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CAPS F, ? * * a. iach tee =" * - TWO 
This, then, is the sine of ecliptic zenith-distanee. The sine of e-liptic- 
.. eMitud ' is found by subtracting its square from that of radius, and taking 

| the square-root of the remainder; it is found to be 8253. 

cr k To find the divisor (cheda), and the sun's parallax in longitude 

(lambana). 

The sine of one sign, or 30°, is 1719". 
Square of sin 30", 













2,054,061 

divide by 5,253 

Divisor (cheda), 905 
Next, to find the interval on the ecliptic between the sun's place and 

the meridian : 

Longitude of meridian ecliptic-point, s: 9° 3° 57” 

Do. of sun, o* 3° 50° 37“ 

Interval in longitude, a* 6° 19 20" 


Of this the sine is 1950’, and, upon dividing it by 908, the divisor 
(cheda) above found, the value of the parallax in longitude (lambana) is 
ascertained to be 2* 21". 

Here is some of the worst blundering which we have yet met with. 
The sine of 35° 13' is actually 1987, not 1050'; and upon dividing it by 
908, we find the quotient to be only 2" 11*. 

The caleulator assumes the time of apparent conjunction to be deter- 
mined by this single correction. As the text, however (v. 9), directs that 
the process be repeated, to insure a higher degree of accuracy, we shall 
finally quit at this point the guidance of his computations, and yo on to 
apply in full the rules of the Sürya-Siddhánta. 

The sun being west of the meridian, or his longitude being less than 
that of the meridian ecliptie-point (v. 9), the correction for para'lax is 
additive to the time of true conjunction. Hence, to the 





Time of troe conjunction, 25° E 
&dd the correction, 2* 11 
Time of conjunction once equated, 27* 13° 


For the time thus found, we now proceed to enleulate again the value 
of the parallax. The results of the calculation nre briefly 
below : pom 














s vet ectiptic.point (madhwalagna), a: 31* 69 
" Its declination, Po os! š 
Its zenith-distance, 90" 94' a 
Meridian-sine (madhyajy4), 1207" j 
Pott Sine of ecliptic zenith-distance (drkkshepa), =p plc 
| Bine of ecliptic-altitude (drggats), 9228" . 
Divisor (cheda), ous’ 
Sine of sun's dist. in long. from meridian, 25567 
‘Parallax in longi,ude (lambana), 2* 48° 
add to time of true conjunction, 25° $ 
27* 80" 


Time of conjanction twice equated, 


7 . Once more, we repeat the same calculation; its principal results are 


. as follows: a 

— 
š Pa t Orient ectiptie-point 6* at” 41 
nens sine, 700" 
/ Meridian ecliptic point, 3° 95* 2 
) Meridian-sine, - 1241" 
‘a Bine of ecliptic zenith-distance, 12315 
a Bine of ecliptic-altitude, ne 
"Pe  Divisor, g19' 
TCI Parallax in longitude, 3* 56" 
vt » Ar add to of true conjunction, 25 ° 2° 
I ` E nodi Lon — — 
27" 57° 


2$. i ‘Time of apparent conjunction, 


EXE (CA farther repetition of the process would still vield an appreciable 


, but as so many errors have been involved in the preceding 
tness of result unattainable, 


method of correction bj 
and the comparative value of the results it yields, 


here, and rest content with the last time obtained, as that of the 
unction ot the sun and moon, or of the middle of the eclipse, 


| em mt conjunctio 
DM xi. L Too caloulate the parallax in latitude 
This E — (v. 10) 


suom ; 781^ 977 15 :: 1916° : 17° 14" B. 
° sine of ecliptie zenith-distance, as found in the last 









jt ihe ealeulation as to render any exac 
ou gh has | been done to illustrate the 












(nati) for the middle of 


3s Et. 
â y | 





Lie meme latitude, and her apparent latitude, 
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* — pL 
X po x —— to TA the "longitude of the moon, amd that of her 
‘pode, for the moment of apparent conjunction, by adding to their ` longi- 
— as already found (above, IX) for the time of true conjunctioa. their 
|. motion during 2" 55». The amount of motion is found by the proportions 


ty 


mu 









= 
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LP 
4 





| 720' 59" : a5’ 9” 
p 60* : gs 55*:: ] 








3'11": 0'9” 
Now, then, to the 
Moon s longitude at true conjunction, 1* 19^ 317 1" 
add the correction, 35' 9" 
Moon's longitude at apparent conjunction, É 1° 14^ G6’ 4" 
Farther, frorn the L 
— A Node's longitude at true conjunction, 1° 12° 47' 55" 
deduct the correction, 9” 
Node's longitude at apparent conjunction , 1' 19* 47' 46" 
deduct from moon's longitude, 1* ni^ AE y 
Moon's distance from node, 1° 18° 18" 
Sine, 78 


Hence the proportion (ii. 57) 


8438' : 270’ : : 78’ : 6° 8" 





gives us the 
M Moon's true latitude, 5 8" N. 
deduct from parallax in latitude (v. 12), 17' 14" 8. 
Moon's apparent latitude, 11 6*8 
, XIV. To find the amount of obscuration (grdsa) at the moment of 


apparent conjunction 


By iv. 10, we add to the 





Diameter of the eclipsing body, the moon, a9 27 

Diameter of the eclipsed body, the sun, 31° 10" ` 

Sum of diameters, — 60° 19“ | 

Half.surn of diameters, Br e IT 
deduct moon's apparent latitude, — aur @ NM 

Amount of greatest obscuration, | ar o” E 


This remainder being less than the sun's diameter, sta: eclipse Gv u) * 
pue cnp - | ud : ir dibus 


e hi * — 
iz m; LA De s ! [v SN 
— nias — 14. n 25:2 ag Lon) 5 Ta P ' "4 ail ad y ha! Sq a zs 
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XV. To determine the times of the beginning and end of tbe eclipse 
respectively. r 

As the eclipse is a partial one only, we have not to calculate the times 
of the beginning and end of total obscuration; and indeed, we may well 
suppose that the Hindus would never venture to calculate those times 
in a solar eclipse: it is even questionable whether the accuracy of their 
methods would justify them in ever predicting with confidence that an 
eclipse would be total. 

In the first place, we assume that the moon's apparent latitude, as cal- 
culated for the moment of conjunction, remains unchanged during the 
whole duration of the eclipse, and calculate, by iv. 12-13, what would 
be, upon that assumption, the interval between the middle of the eclipse 


and either contact or separation of the disks. That is to say (iv. 12), 
from the 


Square of sum of semi-diameters (30° 6"), 906" 1” 
deduct square of moon's latitude (11 67), 123° 13" 
remains, 782° 45" 

Square root of remainder, 97” 59” 


This result represents the distance, as rudely determined, of the two 
centres at the moments of contact and separation. To ascertain the 
corresponding interval of time, we say (iv. 13) 

664’ 7” : 60" ; : 27' 59" : 2" 32° 

Now, then, from and to the 





Time of apparent conjunction, 27° 57° 

subtract and add the half duration, 2° 33" 
Beginning of eclipse, 25" 25° 
End of eclipse, 30* 29° 


‘his is as far as the operation was carried by the native calculator, 
and with data and results somewhat different from those here given, 
owing to his neglect to repeat the process of determination of the par- 
allax in longitude in finding the time of apparent conjunction. Un- 
fortunately, however, the text (iv. 14-15; v. 13-17) prescribes a long 
and tedious series of modifieations and corrections of the results so far 
obtained, of which we shall proceed to perform at least enough to illus- 
trate the method of the process, and the comparative importance of the 
corrections which it furnishes. 

We have first to find the longitude of the sun, moon, and node, at 
the moments thus determined as those of contact and separation; they 
aro as follows: —— e = 


8 xo et ee | 
Ban's Jong. a j^ eni er 2"), r 13° 31" oS rug moo 
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J l adàf or bii 5 1u" 
| h. , m ¿ — Curae — vs — NsI_y. 
—— ula at am. DU end of eclipse, 1' 18 ' 81’ 99" — 1* 13° 36’ 11” 
sas Q. add the precession, 20° 19 36" 20° 19° 907 us 
P. l Ban’ a distance from the vernal equinox,  9* 3° 60° bo"  9' 2° 65’ 47" 47" 
Moon's long. at app. conj.. 1534.06 4" a A A^ 0-47 
subtract and add motion in 2" 82°, 90' 26" 80' 26" 
Moon's long. at beg. and end of eclipse, 1° 13° 35' 38" l' 14° 36' 30" 
Node's long. at app. conj., 1* 12° 47' 46" 1' 12° 47’ 46" 
add and subtract, we 38> 8” 
Nodes long. at beg. and end of eclipse, l'19 47 54"  1' 19° 47’ 38” 
To find, then, the moon's true latitude at contact and separation, we 
have 
Moon's distance from node, 47 44" 1° 4g 82" © 
Sine, 48" 109° 
Moon's latitade, 3° 46” N. 8' 94" N. 
Next are calculated the moon's parallax m latitude, and her apparent 
latitude, at the beginning and end of the eclipse, by a process of. which 
the main results are the following: ,; 
Orient ecliptic-point, 6° 10° 28 7' 9* 59" M 
Sine, Í 
Orient-sine, 
Sun's hour-angle, 
Meridian ecliptic-point, 
Sine of do., 
Zenith-distance of do., 
Meridian sine, 
Sine of ecliptic zenith-distance, 
Parallax io latitude, 
deduct true latitude, 
Moon's apparent lat. at beg. and end of eclipse, 
Finally, from the 
Square of sum of semi-diameters, 
deduct squares of app. latitude, 
romain, 
Distance of centres in longitude, 
Corresponding interval, — 
Corrected times of beginning and end * Eis 
would be quite — RES indeed, 
cases cases, that already obtained. In making t 
° x have not followed with exactness tho 
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under v. 14-17. It is there taught that, after making the first rough 
determination of the half-duration, based upon the moon's apparent lati- 
tude at apparent conjunction, we must turn back to the true conjunction, 
find the positions of the planets and node at intervals of the half-dura- 
tion from that point, and make these positions the data of our farther 
approximative processes. The text itself, as already remarked by us 
in the notes, shows an utter and provoking want of explicitness with 
regard to the whole matter, and may be regarded as favoring equally 
the method of the commentary, our own, or any other that might be 

. devised. We have taken our own course, then, because we were 
unable to see any sufficient reason for reverting from apparent to true 
conjunction as directed by the commentator. 

With regard to the next steps, the language of the text is less ambigu- 
ous: it distinctly orders us to deduct from and add to the time of true 
conjunction (tithyanta) the intervals found as the former and latter half- 
duration, and from the moments thus determined to compute anew, by 
a repeated process, the parallax in longitude. This is a very laborious 
operation, and not altogether accurate, although perhaps as much so 
as any which the Hindu methods admit. As we are supposed to have 
already ascertained how far apart the two centres must be at the mo- 

" ments of contuct and separation, the problem is, evidently, to determine 
at what moment of time they will, allowing for the parallax in longi- 

- tude, be at that distance from one another. Now as formerly, to find the 
time of apparent conjunction, we started from that of true conjunction, 
and arrived at the desired result by a series of approximative calcula- 
tions of the parallax in longitude, so now, starting from points removed 
from true conjunction by the given intervals, we shall ascertain, by 4 
similar series of approximations, the times when the distances repre- 
sented by those intervals will be apparent, or the moments to which 
contact and separation of the disks will be deferred by parallax in lon- 
gitude. The results of the calculations, as made by us, are as follows: 


. @ 


— A Time of true conjunction, o5" 2" o5" 9° 
—— D subtract and add, 2* 29" g" 32" 
P a š | s = r= aT hee 
5 Times of truetcontract and separation, 22° 33" 27" 34° 
| Sun's longitude, with precession, 2° 8° 48° 16" 9° 3°53" 1” 
: Orient ecliptic-point, 5° 97 2° 6° 20° 27° 
 Orient.sine, 95° 664" 

‘Meridian ecliptic-point, 2° 25° 62’ 3° 23^ 56’ 
L'Meridian-eine, "Y 1107” 1220 

. Bine of ecliptic zenith distance, 1106 1203 

` Sine of ecliptic-altitade, 3255 3219 

Divisor, | 908" 918 

. Moon's longitude, Q* 3° 91” 2° 4° 21 

< J Distance from meridian ecliptic-point, 22^ 31’ 1' 19° 30’ 


Sine. ` 1316" 2617" 
Parallax in longitude, 1" 27° 2" 51" 
. aah "lie 








eral in the mode — has — been — iq ns 
 Annexed are the results only: 


E 


P |. Times of contact and separation, | 22" 33° 927" S4" 
add correction for parallax, 1" 97° 2* 51* 
Times of contact and separation, once equated, 94* O° 80* 25° 
Corresponding parallax, 1* 54° 9" 20° 
add to times first obtained, aa" 33" g7" 34" 

Times of contact and separation, twice equated, 24° 97* 30" 54" - 
Corresponding parallax, 2" 2° 3° 94* 


Without taking the trouble to carry the calculations any farther, we 
may accept these as the finally determined values of the parallax in 
longitude at the times of apparent contact and separation. Then, 














by v. 16, 

Parallax in longitude at contact and separation, g* ‘9° 3" 94" 

do. at apparent conjunction, 2* 55" 2* 55" 

Difference of parallaxes, 63° 29° 

add to former and latter mean half-duration, 9" 29" g" 32" 

True former and latter balf-duration, 8" 22" 9" k 

subtract and add from and to time of app. conj., 27^ 51" 97° 57° 

Times of apparent contact and separation, 24" 35° 30° 55° 


The calculation of the elements of the eclipse is thus completed. 
For the purpose, however, of illustrating the rules of the text (iv. 18-21) 
for determining, in the case of a solar eclipse, the amount of obscura- 
tion at any given moment during the continuance of the eclipse, we add 
also the following process: 


XVI. To find the amount of obscuration of the sun, 2" 38° after 
first contact. 

We make choice of this time, which is equivalent to 27" 13° after sun- 
rise, because the data for finding the parallax in latitude at the moment 
have already been calculated (see above, XD. By iv. 18, from. the 


- 


True former half-duration (rphu(a eparcasthityardha), 3° 22° | lg. 7 
deduct given interval, 2 38° 
Interval to apparent conjuction (madhyag rahaa), (€ 
"To reduce this interval in time to distance in. longitude of the centres, | 


yG, iia NG 


iu^ Yer. (iv. 18) x | 2 Pk ` GC. : 
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This, then, would be the interval in-longitude between the two centres 
at the given moment, if there were no change of the moon's parallax 
in longitude during the eclipse, or if the moon actually gained in 
2" 99», instead of in 3^ 22*, the distance intervening between her centre 
and the sun's at the moment of first contact. That. however, being 
not the case, we must reduce the result thus found in the ratio of 


8^ 22° to 2" 20°, or of the true to the mean half-duration. That is to 
say (iv. 19), 


4* 92* : 2* 29° :: 8° 7" : 5 59" 
and this result, 5' 50", is the true distance of the two centres in longi- 
tude, 27% 13° after sunrise. 


A briefer and more obvious method of obtaining the quantity in 
question would have been to make n proportion as follows: if, at the 


time of the eclipse, the moon gains upon the sun 27! 20" in 3" 22", 
what will she gain during 44°? or 


^ 3* 22°: 27’ 99" :: 44° : 5' 59" 
Upon computation, we find the 











Moon ^s parallax in latitude, 27" 13" after sunrise, 16° 51"8. 
Moon's true latitude, 5' 25"N. 
Moon's apparent latitude, 11° 26* 
Its square, 180' 43" 

: Square of distance in longitude (5° 597), 85° 59" 
Their sum (iv, 20), 166' 3⁄4“ 
Actual distance of centres, 12° 54" 

deduct from sum of semi-diameters, 30° 6” 
Amount of obscuration at given time, 17' 12" 


If it were desired to project the eclipse, we should now have to 
ealculate (by iv. 24-25) the deflection (valana) for the moments of contact, 
conjunction, and separation, and likewise (by iv. 26) the seale of projee- 
tion. As we do not. however, intend to present here a projection. and ns 
the subject of the deflection has been sufficiently illustrated already, in 
the notes upon the text and in the calculation of the lunar eclipse, we re- 
gard it as unnecessary to go through with the labor required for making 


the computations in question. Finally, we annex, as in the case of the 


lunar eclipse formerly caleulated, a summary comparison of the princi- 
pal results of the Hindu processes with the elements of the eclipse in 


L 
^ 


uestion as determined by Prof. Coffin, in his work referred to bove 











must be borne in mind, however, that, owing to the faulty manner in 


TIF 


ch many of the computations of the native astronomer have been 


=) 
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| T iege Slides 


dec the comparison is not entirely trustworthy ; a more careful adhe- 
rence to the methods of the Siddhánta would have given somewhat 
different results: in the case of the daily motions of the sun and moon, 
the true calculations, az performed by us (see p. 360), give more correct 
values: in other instances, the contrary might perhaps have been the 


case. 
Súrya-Siddh&nta. Prof. Coffin. Hinda error. 
Time of true conjunction in longitude, 2* 30" 8" 56" — 1* 926^ 
Sun's and moon's longitude, 63" 50' 37" 65° 19” 37" — 1° 29’ 
Moon's distance from node, 49' 6" 4° 19' 22" — 3° 29' 15" 
Sun's daily motion in longitude, .. 66' 62" 6T 46" _ 53” 
Moon's do. do. 12” Q' 69” I4" 74 19" - 6' 18" 
Sun's apparent diameter, 31' 10" 31’ 37" - 27" 
Moon's do. do. 99 2" . 99' 45" _ 43” 
Time of apparent conjunction, 3* 407 5* 32" — 1" 52 
Parallax in longitude, in time, 1" 10“ 1786. — 267 
Amount of greatest obscuration, 19’ 30’ 59” — _ 11” 59" 
Time of first contact, 2^ 90" 4^ 15* — 1" 55" 1 
—Time of separation, 4" 50" 6" 38" — 1" 48" 
Duration of eclipse, 9" 80" 9' 23" E - 


26. pp. 211-230. Prof. Weber, of Berlin, has favored us in a pri- 
vate communication with a number of additional synonyms of the names 
of the asterisms, derived from the literature of the Bráhmana period. 

Mrgaciras, the fifth of the series is also styled andhaká, '' the blind,’’ 
apparently from its dimness; áryiká, ` honorable, worthy; '" invaká, of 
doubtful meaning: this latter epithet is also found in some manuscripts. 
of the Amarakoca, as various reading for ilvald, which is there ex- 
pressly declared (L i. 2. 25) to designate the stars in the head of the 
antelope. | 

Ardrá, the sixth asterism, is called báhu, '' arm.” Taking this name 
in connection with that of the preceding group, it seems probable that 
the Hindus figured to themselves the conspicuous constellation Orion 
as a running antelope, of which a, y, 8, and < mark the feet: a, then, is 
the left fore-foot, or arm. Perhaps the name Mrgavyidha, 2: antelope- 
hunter," given to the neighbouring Sirius (viii. 10), is connected with the 
same fancy. 

The Maghás are called in a hymn of the last book of the Rig Veda 
(x. 85. 13) aghás: the word means literally “ evil, base, sinful," ond its 
application to one of the asterisms is so strange that, if not found else- 
Where, we should be inclined to conjecture a corrupted reading. vom 

Phalguni, or the Phalgunis, forming the — and twelfth grout *. 
`" — * also arjuni, '' bright, shining.'' * 
| Qravana, the twenty-third . asterism, receives | 
is properly that ve of a tree, the Ficus religiosa; 


* vae LAE 
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Bhádrapadá, the last double asterism, is called pratishthána, ~ stand, 
support," in evident allusion to the disposition of the four bright stars 
which compose it, like the four feet of a stand, table, bedstead, or the like. 

27. p. 281. We offer herewith the stellar chart to which reference 
was made in the note on p. 236, and which is intended to illustrate the 
positions and mutual relations of the Hindu nakshatrox, the Arab 
manázil al-kamar, and the Chinese sieu. We add a brief explanation 
of the manner in which it has been constructed, and the form in which 
it is presented. 

The form of the map is that of a plane projection, having the ecliptie 
ns its central line. It would have better illustrated the Hindu method 
of defining the positions of the junction-stars, and the errors of the po- 
sitions as defined by them, if the equator of A.D. 560, instead of the 
ecliptic, had been made the central line of the projection. This, how- 
ever, would have involved the necessity of eelculating the right ascen- 
sion and declination of every star laid down, s labor which we were not 
willing to undertake. Moreover, the ecliptic is, in fact, the proper cen- 
tral line alone which the groups of the Hindu and Arab systems, at 
least, are arranged, and the form given to the chart also facilitates the 
laying down of the equator of B.C. 2850, which we desired to add. for 
the purpose of enabling our readers to judge in a more enlightened 

manner of the plausibility of M. Biot's views respecting the origin of 
the Chinese system: it is drawn with a broken line, while the equator 

of A.D. 560 is nlso represented, by an entire line. As the zone of the 
heavens represented is, in the ma'n, that bordering the ecliptic, the dis- 
tances and the configuration of the stars are altered and distorted by 
the plane projection to only a very slight degree, not enough to be of any 
account in a merely illustrative chart, such as this is. As a general rule, 

we have laid down all the stars of the first four magnitudes which are 
situated near the ecliptic, or im that part of the heavens through which 

the line of the asterisme passes; stars of the fourth to fifth magnitude 
are also in many cases added; smaller ones arc noted only when they 
enter into the groups of the several systems, or when there were other 
special reasons for introducing them. The positions are in all cases 

iken from Flamsteed’s Catalogue, and the magnitudes are also for the 

part from the same authority: in many individual cases, however, 
authorities. We have endeavored so to mark 
three different series that these may readily be 
nci but, to assure and facilitate the comparison, we 
ace upon the page opposite it a conspectus of the nomenclature, 
| titution, and correspondence of the three systems, referring to 
gi s 211-280 for a fuller discussion of these matters, and an exposition 
wha is certain, and what more or less hypothetical, or exposed to 





















|. Hindu asterism. 


- ^ 1. Agvinl. 
^ Band y Arietis. 
2. Bharant. 
35, 39, and 41 Arietis. 
8. Kruik&, 
m Tauri,-e'c. (Pleiades). 
4. Rohimp!. 
a, 8, y, Š. « Tauri. 
5. Mrgaçiras. 
^, $*, @* Orionis. 
6. Ardea. 


a Orionis. 
. Punarvasu. 
B, a Geminorum. 
l'ushya. 
8, 5, y Cancri. 
. Agleshá. 
«, 8, o, n, @ Hydra. 
P Magbá. 
a, vu. Y, E M, € 
Pürva-phbalguut. 
5, 8 Leonis. 
, Uttara- Pbalgunui. 
B, 93 Leonis. 
Hasta. 
B, y, <, a, B Corvi. 
, Citrá. 
a Virginis. 
, Swati. 
a Bootis. 
. Vigákbá. 
|y, B, a Labroe. 
Anurádbà. 
5, 8, = Scorpionia. 
Jyesahthá. 
a, z, 7 Scorpions. 
. Mala. 


« Leonia. 


A, v, x. 1, 8, 9, C, n, * Bcorp. 


Pürva-Asbáaqbá. 
5, « Sagittarii. 
Utiara-AshAdha. 
e, € Sagittarii 
Abhijit. 
a, «, € Lyre. 
. 93. Qravapa 1 
a, B. Y Aquila. 
24. Qravishthá. 
B, a, y, 8 Delphini. 
25. Qatabhisha:. | 
À Aquarii, ctc. 
26. Pürva-Bhüdrapadá. 


23. 





Birja SUdhirtin 


Arab manzil. 
ash-Sbaratán. 
B and >x Arietis. 
al-Butain, 
35, 39 and 41 Arietia. 
ath-Thursiyá, 
7 Tauri, etc. (Pleiades). 
ad-Dabarán. 
e, e, Ye 8, e Tauri, 
al-Hak'ah, 
^, $, $* Orionis, 
. al. Ean'ab. 
9", P. r, y, E Geminorum. 
adh.Dhir’, 
B, a Geminorum. 
, an-Nathrah, 
Y. 5 Cancri, and Prmwepe. 
at-Tarf. 
E Cancri, A Leonis. 
. aj-Juabhbah, 
a, 9», 'y, € Leonis. 
az«Zubrah. 
5, ê Leonis. 
' ag-Sarfah. 
B` Leonis, 
al-Auwá. 
B, v, Y, 8, * Virginis, 
as-Bimk. 
a Virginis. 
al-Ghafr. 
t, K, ÀN Virginis. 
. az-Zub&ánàn. 
a, B Libri. 
. al-Tkifi. 
B, 8, w Scorpionis, 
. al-Kalb, 
a ‘Beorpionia. 
aeh-Shaulah. 
A, v Erorpionis. 
an-Na Gim. 
+* .8,¢.0.0,¢.7 CRogittarii, 
al-Baldah. 
N, of w Sagittarii. 
Ba'd adh-Dhübib. 
e, B Capricorni. 
Sa'd Bula.’ 
*, p, » Aquarii, 
 Ba'd as.8u*6d. 
B, t Aquarii. 


Sa'd al-Akhbiyah, 
*7⸗ € " Aquarii, 
. ol. Pa 
a, B ega 
27. ic al Mukbir, 
E. n “A 


h al-Mukdim, 


Chinese sieu, 
27. Leu. 
B Arietia, 
28. Oei 
85 Arietis 
1. Mao. 
m Tauri. 
2. Pi. 
« Tauri. 
3. Tse, 
A Orionis, 
4. Tsan, 
8 Orionis. 
5. Tsing. 
a Geminorum, 
6. Kuei. 
6 Cancri, 
7. Lieu. 
8 Hydrem. 
8. Sing: 
| a Hydra. 
9. Chang. 
v' Hydre. 
10. Y. 
a Crateris. 
11. Chin. 
Y Corvi, 
12. Rio, 
a Virginis, 
13. Kang. 
« Virginia. 
14. Ti. 
a" Libre. 
16. Fang. 
w Scorpionis. 
16, Sin. 
. « Scorpionis, 
17. Uei. 
u’ Bcorpionis. 
18, Ki. 
! v* Sagittarii. 
19. Teu. 
$ Fagittarii. 
20. Nieu. 
) B Capricorni 
91. Nü. 
|.  * Aquarii. 
29. ne 
sf Aquarii. 
23. Goei. 
. a Aquarii 
., Che. | | 
a Pegasi, 
— 13 
E i 
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28. p..289. We have perhaps expressed ourselves in a manner liable 
to misconstruction as to the want of reason or authority for giving to 
the asterisms the name of '** lunar mansions,'' '' houses of the moon,'' and 
the like. We would by no means be understood as denying that in the 
Hindu science, especially its older forms, and in the Hindu mythology. 
they are brought into particular and conspicuous relations with the 
moon. Indeed, whether they were originally selected and established with 
reference to the moon's daily progress along the ecliptic, as has been, 
until lately, the universal opinion, or whether we are to believe with M 
Biot that they had in the first instance nothing to do with the moon, 


and only came by chance to coincide in number with the days of her 


sidereal revolution—it is at any rate altogether probable that to the 
Hindu apprehension this coincidence formed the basis of the system. 
We may even conclude, from the fact that the asterisms are 60 fre- 
quently spoken of in the early literature of the Brahmana period, 
while nevertheless there is no distinct mention of the planets until later 
(Weber, Ind. Lit., p. 222), that for a long time the Hindus must have 
confined their attention and observations to the sun and moon, paying 
no heed to the lesser planets: and yet we cannot regard it as in any 
degree probable—hardly as possible, even—that any nation or people 
could establish a system of zodiacal asterisms without discovering and 
taking note of the planets; or that such a system could have been com- 
municated to, and applied by, the Hindus, without a recognition on 
their part of those conspicuous and ever-moving stars. It may fairly be 
claimed, then, that the asterisms, as a Hindu institution, are an origin- 
ally lunar division of the zodiac; but we object none the less to their 
being styled '' lunar mansions,’ or called by any equivalent name; be- 
cause, in the first place, the Hindus themselves have given them no name 
denoting a special relation to the moon, and no name signifying '' house, 


mansion, station," or anything of the kind; and because, in the second 


place, as soon and as far as the Hindu astronomy extended itself beyond 
its limitation to observations of the moon, just so far and so soon did 
it employ the system of asterisms as a general method of division of 


the ecliptic; so that finally, as pointed out by us above, the asterisma 


have come to be divested, in the properly astronomical literature of 


India, of all special connection with the moon. With almost the same 
propriety might we call the Hindu signs ''luni-solar mansions '""—8ince 
they are, by origin, the parts of the ecliptic occupied by the sun during 
each successive synodical revolution of the moon—as denominate the 
nakshatras of the Siddhantas '' lunar mansions." 
29. p. 240. We should have mentioned farther, that an additional 
.ducement—and one, probably, of no small weight—to the reduction of 
ve or of asterisms from twenty-eight to twenty-seven, is to be 


* 
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epi SERE; 

EN ise xs T E he thet the ibne a the moon's sidereal revolution in 

i 4 , though intermediate between the two numbers, is yet decidedly 

D. ‘nearer to twenty-seven, exceeding it by less than a third. M. Biot 

| might even claim with some reason that the choice of the number 

twenty-eight tended to prove the whole eystem not a lunar one by 
origin: yet it might be replied that, the time of revolution being dis- 
tinctly more than twenty-seven days, the larger number was fully admis- 
sible, and that it was also in some respects preferable, as being one that 
could be halved and quartered. 








30. p. 320. In bringing this work to a close, we deem it advisable 
to present, in a summary manner, but more distinctly and connectedly 
than could properly be done in the notes upon the text, our conclusions 
as to certain points in the history of the Sürya-Siddhánta, and of the 
astronomical sciepce which it represents. 

In the first place, Bentley's determination of the age of the treatise 
we conceived to be altogether set aside by the considerations which we 
have adduced against it (note to i. 20-34); there is no reasonable 
ground for questioning that the Sürya-Siddhánta is, as the Hindus have 
long believed it to be, one of the most ancient and original of the works 
which present their modern astronomical science. How far the text of 
which the translation has been given above is identical in substance and 
extent with that of the original Sdrya-Siddhainta, is another question, 
and one not easy to solve. That it is not precisely the same is evident 
enough. Ewen the modern manuscripts differ from one another in sin- 
gle readings, in details of arrangement, in added or omitted verses. <A 
comparison of the texts adopted and established by the different com- 
mentators would be highly interesting, as carrying the history of the 
treatise a step farther back; but to us only one commentary is accessi- 
ble, nor do we find anywhere any notices respecting the versions given 
by the others: in the absence of such, we may conclude that all 
sent substantially the same text, and so are alike posterior to the model- 
ling of the work into its present form and with its present contents. 
But the indications of addition and interpolation, which we have had- iuo 
so many cases to point out in our notes, are sometimes too telling to be 
misinterpreted. Farther than this we may not at present go: any de- 
tailed discussion of the subject must remain unsatisfactory, until a t 

, acquaintance with other of the ancient treatises, and a more re 
comparison of them with one another, shall throw upon it new 
A point of special interest connected with ‘it is, whether. the « 
menn motions of the planets do actually date from abo the 
pointed out by Bentley's calculations. With regard to this we are 

|. from being confident; but we do — —— x 

i > er | — that those elements, as | ! | 
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been the same from the beginning, never having undergone correction 
until the application ol the bija, about A.D. 1500 (p. 22 ete). And 
: the date of that correction is calculated at least to suggest the suspicion 
that Muslim science may have had something to do with it. That 
observation, and the improvement of their system by deductions from 
observation, were ever matters of such serious earnest with the Hindus 
that they should have been led to make such amendments independ- 
ently, is yet to be proved. The most important alteration of which 
anything like direct proof ia furnished is that which concerns the pre- 
cession of the equinoxes (note to ii. 9-12); and even here we would 
not undertake to say confidently what is the conclusion to be drawn. 
All such inquiries must remain conjectural, mere gropings in the twi- 
light, until the position of the Sürya-Biddhánta in the Siddhánta litera- 
ture shall be better understood. What has given it so much greater 
prominence and popularity than are enjoyed by the other works of its 
class, or from what period its preéminence dates, is unknown. There 
are treatises, like the Cakalya-Sanhita (add. note 1), which agree with 
it in all essential features; there are yet others, like the Soma and Va- 
sishtha Siddhántas, which are said (add. note 6) to vary little from it; 
whether any one among them all is original—and if any, which— 
whether in each case the relation is one of co-ordination or of subordi- 
nation—we must be content for the time to be ignorant. 

One thing, however, is certain: underneath whatever variety may 
characterize the separate treatises, there exists a fundamental unity; 
their differences are of secondary importance as compared with their 
resemblances; they all represent essentially a single system. And this 
by no means in the same sense in which all modern astronomical works 
may be said to represent a single system. For the Hindu system ıs not 
one of nature; it is not even ^ peculiar method of viewing and inter- 

ens nature, from which, after it had once been devised by some cor. 
x "rolling intellect, others had not the force and originality to deviate: it 
n. ds a thoroughly artificial structure, ful of arbitrary assumptions, of ab- 










- "aurdities even which have no foundation in nature, and could be. in- 
 vented by one as well as another. We need only to refer, as instances, 
: the | of monstrous chronological periods (i. 14-23)—to 
; rt f the commencement of the Iron Age (note to i. 
1 26.84), with ite exact or nearly exact (add. note 6) conjunction of all 
e planets—to the form of statement of the mean motions, yielding 
curring conjunctions, at longer or ahorter intervals—to the aesump- 
tion of a starting-point for the planets from at or near ¿ Piscium (note 
to Tyto the resolutions of the apsides and nodes of the planets 
44)— i system of epicycles (ii. 34-35)—to the deter- 
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-i ter, who had power enough to impose his idiosyneracy upon the science | 
of a whole nation. The question, then, of the comparative antiquity 

of single treatises is lost in the higher interest of the inquiry—when, 
where, and under what influence originated the system which they all 
agree in representing? 

What our opinions are upon these points will not be a matter of 
doubt with any one who may have carefully looked through the  preced- 
ing pages, although they have nowhere been explicitly stated. We re- 
gard the Hindu science as an offshoot from the Greek, planted not far 
from the commencement of the Christian era, and attaining its fully 
veloped form in the course of the fifth and sixth centuries. 
of this opinion we will proceed briefly to state. 

In considering such a question, it is fair to take first into account the 
general probabilities of the case. And there can be no question that, 
from what we know in other respects of the character and tendencies 
of the Hindu mind, we should not at all look to find the Hindus in pos- 
session of an astronomical science containing so much of truth, They 
have been from the beginning distinguished by a remarkable inaptitude 
and disinclination to observe, to collect facts, to record, to make induc- 
tive investigations. The old belief under the influence of which Bailly 
could form his strange theories—the belief in the immense antiquity of 
the Indian people, and its immemorial possession of a highly developed 
civilization—the belief that India was the crudle of language, myth- 
ology, arts, sciences, and religions—has long since been proved an error. 
It is now well known that Hindu culture cannot pretend to n remoter 
origin than 2000 B.C., and that, though marked by striking and emi- 
nent traits of intellect and character, the Hindus have ever been weak 
in positive science; metaphysics and grammar—with, perhaps, algebra 
and arithmetic, to them the mechanical part of mathematical science— 
being the only branches of knowledge in which they have independently 
won honorable distinction. That, astronomy would come to constitute ` 
an exception to the general rule in this respect, there is no antecedent 
ground for supposing. The infrequency of references to the stars in 
the early Sanskrit literature, the late date of the earliest mention of the 
planets, prove that there was ro special impulse leading the nation to 
devote itself to studying the movements of the heavenly bodies. 
evidence goes to show that the Hindus, even after they had derived 
from abroad (p. 285) a systematic division of the ecliptic, limited their | 
attention to the two chief luminaries, the e sun and moon, and | contented 
themselves with establishing a method of maintaining the © 
of the solar year with the order of the lunar months. If, then, at a later 
period, we find them in — of a full astr y of the. Pm 
b is to aec bisque Mn. they — 
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_ closer inspection does not tend to inspire us with confidence in it as of 
Hindu origin. We find it, to be sure, thoroughly Hindu in its external 
form, wearing many strange and fantastic features which are to be at 
once recognized as of native Indian growth; but we find it also to con- 
tain much true science, which could only be derived from a profound 
and long-continued study of nature. ‘The whole system, in short, may 
be divided into two portions, whereof the one contains truth so success- 
‘fully deduced that only the Greeks, among all other ancient rations, can“ 
show anything worthy to be compared with it; the other, the frame- 
work in which that truth is set, composed of arbitrary assumptions and 
absurd imaginings, which betray a close connection with the fictitious 
cosmogonies and geographies of the philosophical and Puranic literature 
of India. The question presses itself, then, strongly upon us, whether 
these two portions can possibly huve the sume origin: whether the sci- 
entific habit of mind which could lead to the discovery of the one is 
compatible with those traits which would permit its admixture with the 
other. But most especially, could a system founded—as this, if origi- 
nal, must have been—upon sagacious, accurate, and protracted observa- 
tion of the heavenly bodies, so entirely ignore the ground-wogk upon 
which it rested, and refuse and deny all possibility of future improve- 
ment by like means. as does this Hindu system, in whose text-books 
appears no record of an observation, and no confessed deduction from 
observations; in which the astronomer is remanded to his text-book as 
the sole and sufficient source of knowledge, nor ever taught or coun- 
selled to study the heavens except for the purpose of determining his 
longitude, his latitude, and the local time? Surely, we have a right to 
say that the system, in its form as laid before us, must come from an- 
other people or another generation than that which laid its scientific 
‘foundation ; that it must be the work of a race whieh either had never 
Known, or had had time to forget, the observing habits and the induc- 

tive methods of those who gave it origin. But the hypothesis that an 

1 < earlier generation in India itself performed the labors of which the later 

l system-makers reaped the fruit, is well-nigh excluded by the absence, 
already referred to, of all evidence in the more ancient literature of 
deep astronomical investigation: the other alternative, of derivation 
from a foreign source, remains, if not the only possible, at least the only 
probable one. We come, then, next to eonsider the direct evidences of 

a Greek origin. 

| zo First in importance among these is the system of epicycles for repre- 

— senting the movement, and calculating the positions, of the planets. 

r "This, the cardinal feature in both systems, is (ii. 34-45) essentially alike 
* and the same in both. Now, notwithstanding the fact that such second- 

x ee circles do in fact represent, to a certain. degree, true quantities in 

| 









there is yet too much that is strange and arbitrary in them to 
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leave any probability to the supposition that two nations could have de- 
vised them independently. But there are sufficient grounds for believ- 
ing the Greeks to have actually created their own system, bringing it 
by successive steps of elaboration to the form in which Ptolemy finally 
presents it. In the history of the science among the Greeks, everything 
is clear and open; they tell us what they owed to the Egyptians, what 
to the Chaldeans: we trace the conceptions which were the germs of 
their scheme of epicycles, the observations on which it was based, the 
inductive and deductive methods by which it was worked out and estab- 
lished. In the Hindu astronomy. on the other hand, all is groundless 
assumption and absurd pretense: we find, as basis for the system, neither 
the conceptions—for these are directly or impliedly denied or ignored— 
nor the observations—for not a mention of an actual observation is 
anywhere to be discovéred—nor the methods: the whole is gravely put 
forth as a complete and perfect fabric, of divine origin and immemorial 
antiquity. On the agreement of the two sciences in point of numerical 
data we will not lay any stress, since it might well enough be supposed 
that two nations, if once set upon the same track toward the discovery 
of truth, would arrive independently at so near an accordance with na- 
ture and with one another. We will look for other evidences, of a less 
ambiguous character, to sustain our main argument. The division of 
the circle, into signs, degrees, minutes, and seconds, is the same in both 
systems, and, being the foundation on which all numerical measurements 
and calculations are made, is an essential and integral part of both. 


Now the names of the first subdivisions, the signs, are the same in. 


Greece and in India (see note to i. 58): but with the Greeks they belong 
to certain fixed arcs of the ecliptic, being derived from the constellations 
occupying those arcs; with the Hindus they are applied to successive 
ares of 30°, counted from any point that may be chosen: this is an un- 
ambiguous indication that the latter have borrowed them, and forgotten 
or neglected their original significance. But farther, the ordinary Hindu 
name of that division of the circle which is in most frequent use, the 
minute, is no Sanskrit word, hut taken directly from the Greek, being 


liptá, which is — Again, the planets are ordinarily named in the 
Siddhantas in the order in which they succeed one another as regents 
of the days of the week; and not only has it been shown above that 
the week is no original Hindu institution, but it has even appeared that. 
on tracing it to its very foundation, we find there another Greek word 


LT 4 


iga, represented by hord. Once more, in the cardinal operation of find- 


ing by means of the system of epicycles the true place of a planet, we 


see that one of the most important data, the mean anomaly, is called 
by another name of Greek origin, namely kendra which is  kevrQov. 


oe 


These three words, occurring whére they do, not upon the outskirts of 
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_ the Hindu science, but in its very centre and citadel, amount of them- 

selves almost to full proof of its Greek origin: taken in connection with 
the other concurrent evidences, they form an argument which cnn  nei- 
ther be set aside nor refuted. Of those other evidences, we will only 
mention farther here that Hindu treatises and commentaries of an early 
date often refer to the yaranas, '" Greeks '" or * westerners," and to wua- 
vanácaryás, ‘* the Greek (or western) teachers," as authorities on astro- 
nomical subjects—that astronomical treatises are found bearing names 
which come more or less distinctly from the West (note to i. 4-6)—and 
that floating traditions are met with. to the effect that some of the 
Siddhantas were revealed to their human promulgators in Romaka-city, 
that is to say, at Rome, Farther witness to the same truth, deducible 
from other coincidences of the two systems, we pass unnoticed here, 
since it is not our object to discuss the question exhaustively, but only 
to bring forward the main grounds of our opinions. 

The question next arises, when, and in what manner the knowledge of 
astronomy was communicated from Greece to India. In reply to this, 
only probabilities offer themselves, yet in some points the indications 
are pretty distinct. It is, in our own view, altogether likely that the 
science came in connection with the lively commerce which, during the 
first centuries of our era, was carried on by sea between Alexandria, 45 
the port and mart of Rome, and the western const of India. Two con- 
siderations especially favor this supposition: first, that the chief site of 
the Hindu science is found to be the city which lay nearest to the route 
of that commerce (note to i. 62): secondly, that Rome is the only west- 

|. ern city or country which is distinctly mentioned in the astronomical 
= geography (xii. 39), and the one with which, as above noticed, the astro- 
nomieal traditions connect themselves. Had the Hindus derived their 
knowledge overland, through the Syrian, Persian, and Bactrian king- 

f doms which stood under Greek government, or in which Greek influence 
|J was predominant, and Greek culture known and prized. the name of 
Rome would have been vastly less likely to stand forth with such promi- 
nonce, and the capitals of Hindustan proper would more probably have 
been the cradles of the new science. The absence from the Hindu 
system of any of the improvements introduced by Ptolemy into that of 
the Greeks (note to ii. 43-45) tends strongly to prove that the transmis- 
sion of the principal groundwork of the former took place before his 
time: nor can we think it likely that the numerical elements adopted 
by the Hindus would vary so much as in many cases they are found to 
do from those of the Syntaxis, if the latter had been already in existence, 
d most authoritative exponent of 
Whether the information was transmitted through 
lus who visited the Mediterranean, or of learned 
voyage to India, or by the translation of Greek 








o. 


 Sürya-Siddhánta 


treatises, or by what other methods, we would not at present even offer 
æa conjecture; and the point is one of only subordinate consequence. 


Whatever may have been the date of the first communication of tha 
elements out of which the Hindu system was elaborated, there is good 
reason to suppose that its final reduction to its present form did not 
take place until some time during the fifth and sixth centuries. That 
period is distinetly pointed out bv the choice of the equinox of A. D. 
570 as the initial and principal point of the fixed sphere (note to i. 27), 
by the definition of position of the junction-stars of the asterisms (p. 243), 
and by the Hindu traditions which refer to that time the names of 
greatest prominence and authority in the early history of the science. 
It is evident that the elaboration of the system must have been a work 
of time, probably of many generations: what were the forms which it 
wore in the interval we do not know; here, as in many other depart- 
ments of the Hindu literature, all record of the steps of development 
appears to be lost, only the final and fully formed product being pre- 
served and transmitted to us: yet more light upon this point may stili 
be hoped for, from the careful examination of all documents now 


ne 
cessible, or of such ns may hereafter be discovered. — The process of 
assimilation and adaptation to Hindu conceptions and Hindu methods 
wás thoroughly and completely performed. Among the changes of 


method introduced, the most useful and important was the substitution 
of sines for chords (p 75); the general substitution of an arithmetical 
for a geometrical form also deserves particular notice. That no great 
amount of geometrical science is implied in any part of the system, is 
very evident: it is distinguished by the constant and dexterous applica- 
tion of a few simple principles: the equality of the square of the hy- 
pothenuse to the sum of the squares of the base and perpendicular—the 
comparison of similar right-angled triangles—the formation and com- 
bination of proportions, the rule of three—are the characteristic features 
of the early Hindu mathematical knowledge, as displayed in the Sürya- 
Siddhánta. Of other treatises, of an earlier or later period, as those of 
Brahmagupta and Bháskara, which (see Colebrooke's Hindu Algebra) 
give evidence of knowledge more profound in arithmetic and algebra, 
we cannot at present speak; but we hope at some future time to bo able 
to revert to the subjeet of the Hindu nstronomy, in connection with 
these or other of the text-books by which it is represented. 


Rev. Mr. Burgess, having placed his translation and notes in the 
hands of the Committee of Publication for farther elaboration, has very 
liberally allowed them entire freedom in their work, even where 
their deductions, and the views they expressed, did not accord with his own 
opinions. The most important point at issue between us is that dis- 
cussed in the next preceding pages, or the originality of the Hindu 
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astronomy; upon this, then, he is desirous of expressing independently 
his dissenting views, as in the following note. 


CONCLUDING NOTE DY THE “TRANSLATOR. 


It may not be improper for me to state, in a closing note, that I had 
prepared a somewhat extended and elaborate essay on the history of 
astronomy among the Hindus, to be published in connection with the 
preceding translation. But the length of this essay is such—the subject 
matter of it not being material to the illustration of the Siddhánta, and 
the translation and notes having already occupied =o much space—that 
it was not thought advisable to insert it here. 

Yet as my investigations have led me to adopt opinions on some 
points differing from those advanced by Prof. Whitney in his very valu- 
able additions to the notes upon the translation, truth and consistency 
seem to require me to present at least a brief summary of the results at 
which I arrived in that essay in reference to the points in question. By 
so doing, I free myself from any embarrassment under which I should 
labor, if hereafter—as I now intend—I shall wish to express the 
grounds for my opinions on these points, in this Journal or elsewhere. 

The points to which I allude bear upon the claims of the Hindus to 
the honor of original invention and discovery in astronomical science— 
especially, their claims to such an honor in comparison with the Greeks. 

Prof. Whitney seems to hold the opinion, that the Hindus derived 
their astronomy and astrology almost bodily from the Greeks—and 
that what they did not borrow from the Greeks, they derived from other 
people, as the Arabians, Chaldeans and Chinese (see pp. 38, 235, 238, 
et nbl) 1 think he does not give the Hindus the eredit due to them, 
and awards to the Greeks more credit than they are justly entitled to. 
In advancing this opinion, however, I admit that the Greeks, at a later 
period, were the more successful cultivators of astronomical science. 
There is nothing among the Hindu treatises that can compare with the 
grent Syntaxis of Ptolemy. And yet, from the light [ now have, I 
must think the Hindus original in regard to most of the elementary 
facts and principles of astronomy as found in their systems, and for the 
most part also in their cultivation of the science; and that the Greeks 
borrowed from them, or from an intermediate secondary source, to 
which these facts and principles had come from Indian. I might perhaps 
so far modify this statement as to admit the supposition that neither 
Greeks nor Hindus borrowed the one from the other, but both from a 
common source. But with my present knowledge, I cannot concur in 
the opinion that the Hindus are, to any great extent, indebted to the 
Greeks for their astronomy, or that the latter have any well grounded 
claims to the honor of originality in regard. to those elementary facts 

* 
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and principles of astronomical science which are common to their own 
nnd other ancient systems, and which are of such a nature as indicates 
for them a single origin, and a transmission from one system to another. 
For the sake of clearness, it is well that I should state more specifically 


a few of the more important facts and principles that come under the 
class above referred to. They sra as follows: 


i. The lunar division of the zodiac into twenty-seven or twenty-eight 
asterism (see transl., ch. viii) This division is common, with slight - 
modifications, to the Hindu, Arabian, and Chincse systems. 

2. The solar division of the zodiac into twelve signs, with the names 


of the latter. These dames are, in their import, precisely the same 


in 
the Hindu and Greek systems. 


The coincidence is such that the theory 
of the division and the names of the parts having proceeded from one 
original source is unquestionably the correct one 

5. The theory of epicycles in accounting for the motions of the plan- 
ets, and in calculating their true places. This is common to the Hindu 
and Greek astronomies. At least, there is such a coincidence in the two 
systems in reference to the epicycles as almost to preclude the idea of 
independent origin or invention. 

4. Coincidences, and even a sameness in some parts, between the 
systems of astrology received among the Hindus, Greeks, and Arabians, 
strongly indicate for those systems, in their primitive and essential ele- 
ments, n common origin. 

5. The names of the five planets known to the ancients, and the ap- 
plication of these names to the days of the week (see notes, i. 52). 


In regard to these specifications I remark in general : 


First, in reference to no one of them do the claims of any people to 
the honor, of having been the original inventors or discoverers appear tc 
be better founded than those of the Hindus. ^ 

Secondly, in reference to most of them, the evidence of originality I 
regard as clearly in favour of the Hindus; and in regard to some, and 
those the more important, this evidence appears to me nearly or quite 
conclusive. 

I have not space for detail, nor is it the design of this note to enter 
into the details of argument on any point whatever. A brief remark, 
however, for the sake of clearness, seems called for in reference to each 
of the above five specifications of faets and principles common to some 
cr all of the ancient systems of astronomy and astrology. 


1. As to the lunar division of the zodiac into twenty. seven or twenty- 
eight asterisms. The undoubted antiquity of this division, even in its 
elaborated form, among the Hindus, in connection with the absence or 
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to the opinion that the division is of a purely Hindu origin. This is 
still my opinion, notwithstanding the views advanced by M. Biot and 
others in favor of another origin. 

9 As to the solar division of the zodiac into twelve parts, and the 
names of those parts. The use of this division, and the present names 
of the signs, can be proved to have existed in India at as early w period 
as in any other country; and there is evidence less clear and satisfac- 
tory, it is true, yet of such a character as to create a high degree of 
probability, that this division was known to the Hindus centuries before 
ony traces can be found in existence among any other people. 

As corroborative of this position in part, or at least as strongly favor- 
ing the idea of an eastern origin of the division of the ecliptic in question, 
I may be allowed to adduce the opinions of Ideler and Lepsius, as quoted 
by Humboldt (Cosmos, Harper's ed., ii. 120, note): '' Ideler is inclined 
to believe that the Orientals had names, but not constellations, for the 
Dodecatomeria, and Lepsius regards it as a natural assumption  ' that 
the Greeks, at the period when their sphere was for the most part 
unfilled, should have added to their own the Chaldean constellations 
from which the twelve divisions were named." '' Whether Ideler meant 
by * Orientals " the Chaldeans, or some other eastern people, the appli- 
cation of the term in this connection to the Hindus exactly suits the 
supposition of the Indian origin of the division in question, since in 
Indian astronomy the names of the signs are merely names of the 
‘twelfth parts of the ecliptic, and are never applied to constellations. 
Humboldt's opinion is, that the solar divisions of the ecliptic, with the 
names of the signs, came to the Greeks from Chaldea. I think the evi- 
dence preponderates in favour of a more eastern, if not a Hindu, origin. 

= 8. The theory of epicycles. The difference in the development of 
this theory in the Greek and Hindu systems of astronomy precludes 


^ the idea that one of these people derived more than a hint respeeting it 
from the other. And so far as this point alone is concerned, we have as 
much reason to suppose the Greeks to have been the borrowers as the 


contrary; but other considerations seem to favor the supposition that 


à . the Hindus were the original inventors of this theory. 

— 4. As regards astrology, there is not much honor, in any estimation, 
— connected with its invention and culture. The coincidences that exist 
post. between the Hindu and Greck systems are too remarkable to admit of 


‘supposition of an independent origin for them. But the honor of 
inal invention, such as it is, lies, I think, between the Hindus and the 
—  C€halc eans. The evidence of priority of invention and culture seems, on 

th hole. to be in favor of the former; the existenee of three or four 
Ten A 'nbic and Greek terms in the Hindu system being accounted for on 
E the supposition that they were introduced at a comparatively recent 


k 


period. In reference, however, to the word horá, Greek wga (see notes 
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| to i. 52; xii, 78-79), it may not be inappropriate to introduce the tes- 

| POIL T Herodotus (D. 11, ch. 109): * The sun-dial and the gnomon, 
ith the 


t 
w h division of the day into twelve parts, were received by the 
Greeks from the Babylonians" There is abundant testimony to the 
fact that the division of the day into twenty-four hours existed in the 
East, if not actunlly in India, before it did in Greece. In *reference, 
farther, to the so-called Greek words found in Hindu astronomical treat- 
ises, I would remark that we may with entire propriety refer them to 
that numerous class of words common to the Greek and Sanskrit lan- 
guages, which either came to both from n common source, or passed 
from the Sanskrit to the Greek at a period of high antiquity; for no 
one maintains, so far as [ am aware, that the Greek is the parent of the 
Sanskrit, to the extent indicated by this numerous class of words, and 
by the similarity of grammatical inflections in the two langunges. 

- 


5. As to the names of the planets, I remark that the identity of all 
of them in the Hindu and Greek systems is not to my mind clearly 
made out. However this may be, I think the present names of the 
planets in Greek astronomy originated at least as far east as Chaldea. 
Herodotus says (B. lI, ch. 52)......... " the names of the gods came into 
Greece from Egypt.’ The names of the planets are names of gods. 
Herodotus’s opinion indicates the belief of the Greeks in reference to 
the origin of these numes. Other considerations show for them, almost 
beyond a question, an origin as far cast, to sey the least, as Chaldea. 


As to the application of the names of the plancts to the days of the 
week, it is impossible to determine definitely where it originated. Re- 
specting this matter, Prof. H. H. Wilson expresses his opinion—in which 
I concur—in the following language: “' The origin of this arrangement 
is not very precisely ascertained, as it was unknown to the Greeks, and 
not adopted by the Romans until a late period. — It is commonly 
ascribed to the Egyptians and Babylonians, but upon no very sufficient - 
authority, and the Hindus appear to have at least as good a title to the 
invention as any other people ©’ (Jour. Roy. As. Soc., ix. B4). 


One word on the claims of the Arabians to the honor of original in- 
vention in astronomical science. And first, they themselves claim no 
such honor. They confess to having received their astronomy from 
India and Greece. They had at an early period some two or three of 
the first Hindu treatises of astronomy. '" In the reign of the second 
Abbasside Khalif Almansuür...... (A.D. 773), as is related in the preface 
to the astronomical tables of Ben-Al-Adami, published......A.D, 920, 
an Indian astronomer, well versed in the science which he professed, 
visited the court of the Khalif, bringing with him tables of the equa- 
tions of planets according to the mean motions, with observations rela- 
tive to both solar and lunar eclipses, and the ascension of the signs; 
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taken, as he affirmed, from tables computed by an Indian prince, whose 
name, as the Arabian author writes it, was Paonar’’ (Celebrooke's 
Hindu Algebra, p. Ixiv). That the Arabians were thoroughly imbued 
with a knowledge of the Hindu astronomy before they became ac- 
quainted with that of the Greeks, is evident from their translation of 
Ptolemy's Syntaxis. It is known that this great work of the Greek 
astronomer first became known in Europe through the Arubic version. 


In the Latin translation of this version, the ascending node (Greek ava- 


BiBatwv a vyBec pop) is called nodus capitis, '" node of the head," and the 


descending nede (Greek karaßıßBatuv avvSem pop). nodus cauda, node of 
the tail '—which are pure Hindu appellations (see Latin Translation of 
Almagest, B. iv, ch. 4; B. vi, ch. 7, et al.). This fact, with other evidence, 
clearly shows the influence of Hindu astronomy on that of the Arabians. 
In fact, this latter people seem to have done little more in this science 
than work over the materials derived from their eastern and western 
neighbors. 

Another fact showing the belief of the Arabians themselves respect- 
ing their indebtedness, in matters of science, to the Hindus, should be 
mentioned here. They ascribe the invention of the numerals, the nine 
digits (the credit of whose invention is quite generally awarded to the 
Arabians), to the Hindus. * All the Arabic and Persian books of arith- 
metic ascribe the invention to the Indians "' (Strachey, on the Early 
History of Algebra, As. Hes. xii. 184; see likewise Colebrooke's Hindu 
Algebra, pp. li-liii, where the same is &hown from a different authority. 
Strachey's article was published subsequently to the work of Colebrooke). 

The nbove facts and considerations, showing the indebtedness of the 
Arabians to the Hindus in regard to mathematical and astronomical 
"science, clearly have an important bearing on the question of priority 


of invention in regard to the lunar division of the zodiac into twenty- 
eight asterisms, at least so far as the Arabians are concerned. Taking 
all the facts into account, the supposition that this people were the 
inventors is altogether untenable. 

I close this note—already longer than I intended—with a quotation 
from that distinguished orientalist, H. T. Colebrooke. In a very valu- 
able essay entitled '' On the Notions of the Hindu Astronomers concern- 
ing the Precession of the Equinoxes and Motions of the Planets," having 
stated with Some detail some of the more striking peculiarities of the 
Hindu systems, and likewise coincidences existing between them and that 
of the Greeks, with the evidence of communication from one people to 
the other, he says: “Tf these circumstances, joined to a resemblance 
hardly to be supposed casual, which the Hindu astronomy, with its ap- 
paratus of eccentrics end epicycles, bears in many respects to that of 





the Greeks, be thought to authorize a belief, that the Hindus received 
from the Greeks that knowledge which enabled them to correct and im- 
prove their own imperfect astronomy, I shall not be inclined to dissent 
from the opinion *’ (As. Res. xii. 245-6; Essays, ii. 411). 
This is all that so learned and cautious a writer could say in favor of 
the opinion that the Hindus derived astronomical knowledge from the 
Greeks. More than this I certainly could not say. After the solar 
division of the zodiac, with the names of its parts, it is evident, I think, 
that only hints could have passed from one people to the other, and that 
at an early period; for on the supposition that the Hindus borrowed 
from the Greeks at a later period, we find it difficult to see precisely 
what it was that they borrowed; since in no case do numerical data and 
results in the systems of the two peoples exactly correspond. And in 
regard to the more important of such data and results—as for instance, 
the amount of the annual precession of the equinoxes, the relative size 
of the sun and moon as compared with the earth, the greatest equation 
of the centre for the sun—the Hindus are more nearly correct than the 
Greeks, and in regard to the times of the revolutions of the planets 
they are very nearly as correct: it appearing from a comparative view 
of the sidereal revolutions of the planets (p. 27), that the Hindus are 
most nearly correct in four items, and Ptolemy in six. There has evi- 
dently been very little astronomical borrowing between the Hindus and 
the Greeks. And in relation to points that prove a communication from 
one people to the other, with my present knowledge on the subject, I 
am inclined to think that the course of derivation was the opposite to 
that supposed by Colebrooke—from east to west rather than from west 
to east; and I would express my opinion in relation to astronomy, in 
the language which this eminent scholar uses in relation to some coinci- 
dences in speculative philosophy and religious dogmas, especially the , 
doctrine of metempsychosis, found in the Greek and Hindu systems, 
which indicate a communication from one people to the other: “ I 
should be disposed to conelude that the Indians were in this instance 
teachers rather than learners '' (Transactions of the Roy. As. Soc., i. 519). 
- This opinion is expressed in the last essay on oriental philosophy that 
came from the pen of Colebrooke. 


Boston, May, 1860. E. B 








CALCULATIONS OF ECLIPSES 
BY 


THE EDITOR 


Lunar Eclipse of January 19, A.D. 1935. 
The circumstances of the eclipse and the elements have been cal- 
culated according to the method of Surya Siddhánta. 


Ahargana or total number of-days from the —— of creation up to 
the midnight commencing 5th Magha, Saka 1856 . 714,404,135,983 


Mean longitudes of the sun, moon and their apses for the mean mid- 
night, Calcutta: 











Sun Q9 4° T 19" 
Moon — s... = 4. 2 21° 65 13" 
Sun's apsis 2 — T EU XM MN ur 
Moon s apsis aed — = zc ae oS 4 JA 
Banation mean — one  wW.-4 T 19 
pes DG ... ss ES 88 95" 

s Sun's true long. oes — A .. 9 4 45° 44" 
: . Moon's mean OR on -.. et $^ SI" 6S’ 15° 
Equation of cen Ee * x + 8° is’ 43" 
Moon's true long. «-- = * SQ. @ 25° 17 06" 
fan's mean motion in 60 nadis es. ox 58° 587 
Equation of motion — bk 4- gu 11” 
Run's true motion... =- — s er o” 
Moon's Man mow —— m 60 — — m T788' 25” 
Equation ef motion * -— 5g 92“ 
Moon's true motion — 195 8” 


Time of opposition in longitude reckoned from mean midnight. 
51" 6° 2^ 





Interval between true midnight and true sunrise= (2298. + 587 )ror 
E 


16*. 85*. 3 

Time of opposition reckoned from the sunrise —51* 6" 2°—6" 9” 
—16*. 35°, 38”.< 94*. 24°. 3”. 

Semi-diame'er of the sun 





++ * ... 16” 48”-5 
Semi-diameter of the moon — ER bis 14' 45“”:5 
Semi-diamo‘er of the shadow S eor p "s — 86 327-5 
Latitude of the moon at opposition .. a TU. wv py 
Semi-diameter of the —— — a x 14' 45°°5 
Semi-dismeter of the ng body ias — 96' 927:5 
Their sum EM TA T kis 5i 18* 
Deduct moon's latitude ... «s — — 5” 
Amount of greatest obscuration vere “> T al” 13” 
Magnitude of the eclipse * * 0-718 
Diameter of the shadow es ons as 7% s 
Diameter of the moon ka — — 20^ B1" 
Half x their «um v» Gee in 51 18“ 
Square of es — e ... 2632" 
Deduct square of moon's latitude ... — — . 005” 
Remainder En ide * | r 3 
are noct ot remainder eee ass NL 41 84" 
oon's daily gain ees -- ene 6665* B” 


Therefore, half-duration of the eclipse is 8" 44° 4" — supposing | M 
that the moon's latitude has remained constant throughout. | 

Now applying corrections for the motion of the moon and her — 
during this time we have :— 


Latitude of the moon at the beginning of eclipse 
Latitnde of the moon at the end or supo — 
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Lunar Eclipse of January 19, A.D. 1935. 


The times have been calculated according to the method of Surya 
Siddhanta but the elements have been taken from the Nautical Almanac. 























Calcutta civil time of opposition in long ... F - @21* 37°35" 
Moon's horizontal parallax E "e x - DÀ 123"327 
` x .. ... = y R"-94 
Bemi-diam. of moon .. oe en = 14° 45°74 
Bemi-diam. of sun eee oor -- s... - 16" 15"*30 
Movement of ' tithi ' per hour “as T = 27° 15" 
Semi-diam. of shadow F— sii < = 58 sO” U7 
Latitude of moon at opposition * - - 13 12 
Greatest obscuration — — =æ 28 56” + 14" 45°74 
— 12 97" = 4. 69 
Magnitude of ecli ( diam. =1 0) T "35A 
2 t | ec moon's di æ 1'0) .. = = 1 ; or 
Er 2x14' 45"74 
in digits 1:358 x 12 = 16°30. 
Bemi-diam. of shadow ^ as' 50"97 am" 56° 917 
Semi-diam. of moon ia — 14^ 457”74 14" 4574 
Their sum and difference — ane 63° 42“-71 ow "23 
of exe ous ses ORRA 69 58501 
Deduct square of latitude aja ese 185-43 18542 
Remain ese asa re 940827 an o5 
Square roots of remainders oot s.. 51” 9 2y 
The moon 9795 per hour. ~. she gains 519 and Oy io 1" 54" and 44" respec- 
tively, -. duration of the eclipse =1" 54^ snd the half time of total obscuration 
w 414". 
Hourly movement of latitude Cn e = AS" - 275. 
Moon s latitude 1" 54^ before and after opposi- 
tion — m 15" bo" 5 sms 
354“95 70°39 
BIT 69 2853" -CV 
° 354' 95 T0 39 
a * 959574 3513-30 
i * 60-95 53^0 
«2 27925 
5028 
=a —— e — 1^ GUT" 
97°25 
53-0 
= — hrs. a" @ 7 
2725 
= gi 37335" — 1* T 
-19" 46065" — 7° (6 65 Pm. 
wes > 21 31:25" + R 650 7" 
-93* 840" — lI SOT r.M 
= .. = g1 4025" = 9` 403 "rw 
| — i^ 3798 =< 9° 87'35%“ p.w. 














Immersion of eclipse » Calcutta ... s. = 01^ 40'35" — 4M" = 20* 50°35" 
= R^ 56°35" p.m, 
Emergence of eclipse at Calcutta ... ex. = Ql" 407857 4 44" = 22: 21:35" Z= 
: = 10* 24°35" p.u. 
Magnitude of the eclipse (Moon's diam. — 1:0) ... = 1'358 or in digits 14°30 e" 





Surya Riddhanta 








Surya Bidhanta. | with corrected Nautical almanaac. 
| elements. 
First contact ..| 19' 8* civil time 19* 47" 19* 47" 
ast contact sm X 23^ M" 239* 94" 
Beginning of total eclipse ... — 20° 57" 20* 57" 
Eod of total eclipse ..] | 22^ 95" 229^ 24* 
Magnitude oc. | “72 1°36 1:86 


Solar Eclipse, August 21, A.D. 1985. 


Calculated according to the method of Surya Siddhanta with the 
bija corrections. 


Aghargana or sum of days from the commencement of the planetary motion 
up to about the time of New moon August, 1933 ..  714,404,135.407 


Mean longitudes of the sun, moon, sun's apogee, moon's apogee, and 
moon's node at mean sunrise on the equator for the meridian of Calcutta : — 


Sun ... s+ m 
Moon eee =>. ... a 
Sun's apogee ese oe ows 
Moon's spogee * =o ces - 
Moon á node use ... see eee 
Sun's mean longitude dm = x 
Equation of centre ... ... I 
Bun's true i — oss ose 
Sun's mean motion s.. =.. eo 
Equation of d. +.. === see 
Sun's true motion +++ ore ose ... 
Moon's mean longitude *** <= ... 
Equation of centre ows one sa 
's true longitude — I + 
` mean daily motion one zz EL 
=e of motion ... sae — ... 
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| Moon's true daily motion = z. * 7685 4” 
| Preeession of the equinoxes ... wis * 21° 30° 567 
Sun's declination eee ote — I" a4 xE 
Sun's ascensional difference... RA as O* b5' 1” 
Sun's day — i e Š; 21,657” 
: Sun's longitude at "-— sunrise =... SX (XY . ' 
Deduct the difference das * g 51“ 
Remainder ane ... 4" 4° 8" 25" 
Deduct correction for sun's equation of place ... 16" 
Sun's long. at sunrise for the latitude of Calcutta .. 4° 4" € "Ww 
b ' Moon's longitude, mean equatorial eunrise — 4°: 3° AM l 
Deduct correction for sun 's equation of place d 3 97” 
, —* 3 | Remainder eee sss . ose 4° 1° Aor 52" 
* — Deduct correction for  sun's ascensional difference 1Y 50” 
| a ‘i ‘Moon’ s long. at sunrise at Calcutta — sve 4" T° S oe 
jul ‘Time of true conjunction on s> * 61 
ius n.  Bun's longitude at that time ... = — 4° 4" 9 WW 
$29. Wd  Moon's .. *. “os sn -p 4" 4" 9Y 25” 
"uem Ç Node’s $ :: Sai m E 10" Y** av ww 


t+ 


moss : Determination of parallax in longitude 




















— — of the orient ecliptic point... — — A" - A 
“ee a.. +.. ... :m 
Lom Sun's hour angle, ca — point ... a a e 80 3 
i e n p ic ‘se = - vi 2” 
Morian — ore — 297" 
une of eclip nliptlo zenith distance | s> RA. 2847 
s of, eclipiio altitude ... +.. ... =- 
| Diviso itude of tho meridian ecliptic point ... = 4" 11" s 32" 
" Longitude of sun (with precession) = — 4° 25° öy 20" 
AX VOS ve in longit i ... ^ ... 14" 1* 48” 
al |: x in longitude ... ... ... O* 68° 
n 1] trye con unction ... -- ... 13* 35" 4” 
' an M. — wee ace — -0* 53" 
apparent conjunction sae Ja" 40" 4" 


he value of parallax is found out, and repeating the 
X nations, we have at the fourth approximation 


+ eve 7 9* 19 B" 
vve =... 806" 
... = i 9" 49 Ñ" 
ew ... 155°3 
+ ... 15079 
se ... 3B434'7 
... ae RO 85 
`. . — Y" 84" or 
se. .. 12° 4"4” 
middle of the eclipse ... XT 2” s8"8 
C- — “+ +++ iv’ 91°N 








viU Half-sum of the — aii s, i m rm 
Dedi 81 T'5 





uct moon's apparent latitude — AY i: 15 Ja" à 
4 - 
Amount test assqa Fe es M "Me. "a 
Magnitude mA the ps - 15' B4""5 


Square of the «um — diameters... = e aa 





Deduct the — of moon's latitude... ds is 231" $7 
Remainder one ase 737° 13” 
Square root of the remainder * = Tr 97 o” 


This result represents the distance as roughly determined of the two 
centres at the moment of contact and separation. | 





—— interval in time səs n 9* 19" 89 
Beginning of the eclipse TT vu» ace 9° 45" ]* 
End of the eclipse acu - 14" 94' 1*' 
Moon's true latitude at the beginning and end of | 
eclipse t. hot «ue sre 19” 88"N 15” O"N 
Moon's parallaxes in latitude are calculated thus :-~ 
Begining End 
of eclipse of eclipse 
Orient ecliptic point a es 6° 19" 11’ 32” 7° 14° 17 89” 
Sun's hour angle — an 2240* 
Meridian ecliptic point Vis «. ` 9' 19° 10 13" 4° 16° 25" 10” 
Zenith distance of M. E, P. ... see 0° 1° 36" 6" 18° 6“ 
Meridian sine one 1°60 877 
Sine of ecliptic zenith distance a= 158 858'-78 
Parallax in latitude — exa .0' 1"8 6° 5"8 
Moon's apparent latitude — 19' 87”N 9’ 55N 
Square of the sum of semi-diameters eee 968' 46" 908" 46" 
Deduct square of moon's latitudes * 884” 49” 98” 20" 
- x 683° 57" 870 26" . — 
Distance of centres in long. ... AMA 24' 10* weit. * 
Corresponding interval 9" 4° 1” 2* 31" ar . 
Corrected times for beginning and end of 
eclipse sss K... see 10* 0* 8” 14" 86" 2r 


Repeating the process again with the corrected time we have— 
Beginning of End of 


; eclipse d 
Parallax in latitude — w Of UW 8 s 25" 8 
Moon's apparent latitude * — .. 19 IJN è 9° 26"N 
Distance of — E — ae 5. et de 297 40" 
— eS eris "beginnin “and end of = eee — 

ti 
ecl | f 9° — 5” 14* 87* 1 


13° 38* 4” — 13" 88" a 
9" 5' 5" — 2 Ba" BF 


aa or 3 160* 1 
TEG 38. ° wi r2 


TEL 
JJ. cH 
* 


. 
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Repeating the process for suecessive approximations we have for -the 
third approximation :— 














Parallax in — at contact and - 
separation zm 2* 30° O" 6* 2° 
PARU EE un longitude at apparent conjunc- 
tion š.. sa aan Is aA" gm ga” 
Diference in parallaxes 56" 1" 28" 4" 
Add to former and latter mean balf-duration 2° 5" 5” 2* 39° 8” 
True former and latter half.doration — ... 8% 1* 5" 47-1" 1* 
Subtract and add from and to time of 
apparent conjunction — oes 123" 4" 4” 12* 4° 4” 
Times of apparent contact and separation ... 9° 2° i’ 16" 5* 5” 
(Calcutta Civil time) — - 9 hra, 17"* 12 hrs. 6** 


Solar Eclipse, August 21, A.D. 1933. 


> 


Calculated according to the method of Surya Siddhanta with the 
- corrected elements from the Nautical Almanac. 














Caleutta civil time of conj. in long. 11* 41" (A. M.) = 15* 3” 
Calcutta : latitude 29° 33' N ; longitude, 5" 53“ 20° 
EE s distance from equinox at conj- = 147° 42° 27" 
oon s — eee = ar te 
Moon's hor. parallax — sus = 55’ 5985" 
Bun's .. žė t.. r... = o 8*7” 
Their difference... s = 655° 57.1” = 33517 
Moon's movement per bour in long- `... = Ol ' 45" 
Sun's * = 2 = 2 25" 
Moon's gain — * m - 29' 20" 
e» 11^ 44" em 704" 
Sun's half day one T = 15"57'30* [69 vipala —1 pala 
` | 60 pala = 1 nadi] 
- Deduct time of conj. — T = 15" 3” 
— — — 
Sun's hour angle, east TA * - O` 54” 30" 
» Tight ascension APR — = 94" 68” 57" 
Difference T = 94" 4" oT* 
^. “Visuva kala’ at 15" 3” (new moon) = 24° 4" 27°. 


1. ‘Therefore for latitude 22° 83'N the long. of 
the central ecliptic point (tribhona lagna) = 139° 19’ 
also Í ecliptic zenith — (tribbonalagns 





natanca) see ave 7° BT 
Bun" ^" long. sue ... =.. 147°" 42" 97” 
Long. of cen. ecl, point... — 139° 19' 
Interval in long. =æ 8a" 93° 27" 
Parallax in long. = sin 8° 99' 97" cos 7" 51' x 3351" = 484.8". 


DADOS sisa TM IS T; . she gains 48478 in 16755 41". 








2. Sun's long. at corrected time of co- j. = 147° 49% 927" 








| | = 147° 41° 47" 
Visuva kala 41" before new moon - 2" 4d" 3] 
—41** 
Long. of central ecliptic point 135* revs sf 
ong. n | n = " . 
Sun's long. = 147° 41 47” 
Interval in long. - "oe 41" 
Ecliptic zenith distance = 6° 45° 
Parallax in long. = sinll" 58S' 47" cos. 6* 45° x 3351” 


= 690”1 =< 23755 - 59” 


Repeating the process for successive approximations we have for the seventh 
approximation, ecliptic zenith distance =5*54“ and parallax io longitute=843'"4 
= 25"°75=71""9. 
Time of conj. correcte | for the last time =11` — 

— "5 


iê., time of apparent con]. -11* 12*:25 


Therefore the middle of the eclipse occurred at Calcutta at 11^ 12°.3 a.m, 
Calcutta civil time. 


Now parallax in latitude at tbe moment of apparent conj.=sin of eeəliptic zenith 
distance x difference of horizontal parallaxes of the sun and the moon = 


= sin 5*54' x 3351" 
2447 5- 5'44'"5 





Now latitude of moon at 11* 41* —4'51" 

Movement of moon in latitude " poui 175" — 2'55" 
-.'latitade of moon at 11° 19725 — 4/51" + 1238  614."8 
-. apparent latitude of moon «014 "8—5 44^ 5 03 











idi = 15' 48"'7 
Now — of sun ES 15' 14"^8 
their sum - 8r 375 
Deduct apparent latitude 30"'8 
Greatest obscurvation | = 30° 83"2 ' 
Dinen Situas of the geeatest ecl dx. te ik 
= magnitude grea pso 30’ s3"3 * 
at Calcutta al’ 974 * 


(sun's diam. = 1'0), —— 
= 11°00 digite. (sun's diam, = 12*0) 





i-diam = 15° 48°°7 1 
€— = = —— em 15° 14°°8 

| - Sí 3"5 = 1863'5” 
Their sum 
Square of do. HA pedro 
Deduct aquare of app. latitude = (90'"3)* —Q018 
Remains i 8471714 i 
Square root of remainder - 





in ee m. = 68":6 





The moon gains 704" per 24^". she gaios 1568" 





ww ui i 














— Cm — 























Calculations of Eclipses by the Editor 
Therefore rough time of eclipse -11* 12*-25 —63°'5 — 10° 8°"75—11" 18”. 
Also rough time of end of eclipse = 11" 12"°25 + 63*'5— 12* 1577516" 30”, 
Now 15" S 15° 8” 
11° 13” 16* 30” 
9* 60" 1" 97? 
QA" A" QT" Q4* ar y” 
8" 50” s 97” 
— — — — — — À— —— — 
on" 14" 97" (= Visuva kele at) "25" 31” 27° (= Visova 
n* 18° kala at 
` > 
Ecliptic zenith distance 2° 107....... susuwa 08S ses 10° 43° mud oi 
Parallax in latitude —sin 2°10" x 335I'... -r+ +reee1e sin 10*43* x 3351* 
21961 — Q9 77........................ -623:"-2-10' 93" 
Moon's lat. at 10* Qt ae 19"...........--- Moon s lat. at 12* 16* —3' 10" 
App- lat. at 10* 9"7—7' 12" spp. lat. st 12* 16"— 7" 18" 
Square of semidiam. 3⁄4 5472632 
Dedoct squares of app. lat. 186624 187489 
Remain 8286008 8285143 
Square roots of do. 1812”-7 1812"-5 
The moon gains 704” in 24” ~. she gains 1312" in 6177 —1* 1"7= 2" 34”. 
Now sgain, 
Time of true con) 15" 3” 15* 3” 
Subtract and add 2° 84” 2* 84" 
Time of contact and separation 12° 29”, 17* 37” 
aq) 34 4" 7" 94" 4” 27° 
a" 34” 2° 34” 
— — — — — — — -— 
21" 30° 97" 28* 38” 27" 
(visuvakala at 12" 29") (visuvakala at 17" 37”) 
Long. of central ecliptic point 125° 38” 152° 47° 
ic zenith ‘distance 3° 19° 18^ 1’ 
Sun's long. 147° 42° 27" 147° 42° 27" 
— 2 +27 
=147° 39 58" = 147° 44° 56” 
Long. of cen. ecl. point 125° 88" 152° 47° 
.Interval in long. 22? 1” 58” - 6° g” 4" 
Par. in long. =sin 22° 2 cos 8* 49° x 8351" — ain 5? 2 4" cos 13° 1’ x 8351" 
—1254" —42* 70 — 1*47* = -986" B= 977 = 24”. 
(2) 91" 30” 27° 26" 88°” 97" 
1" 47” 24” 
Long. cen. ecl. DN 116° Q' ar Arar 
. t — 
. zenith — — 1°37 13° 59 
Bun'a long. 147° 39° 58” 147° 44° 56" 
1’ 44” + m 
— — — 
| = 147^? 88” 14" wee 147° 45° 20” 
Long. cen. ecl, pt. —116° O wo 56" 
Interval in long. 91? 38" 14" M 7° 10” 40" 
Par. tone sin 81° 88’ 14” cos 1° 37'x 8951" sin 7° 10° 40" cos 13° 52' x 3351" 
| —1756" = 60". 16= 160” — 9" 80” = 406”. 4= 137.85 =M”. 6. 
(8) a1" 30* 97" 260* 388" 27" 
2" 805 o* sa? 36° 











8* 13° 30“ 
min 8° 19 80” cos 14" 17° 3351” 
- “T= 16"'64— 39". 6. 








=147* 37° 17” —147* 45° 85” 
110* 38“ 156" 24° 








Intervals in long. 36° 69° 17" 8* 36° 95" Ww 
Par. in long = sin 36° 59' 17" cos 42 « 3351" sin 8* 38° 25" cos 14" 27° x 3351" 























me = 68 7=2* Bi" 7* "T d — 8 
- 2 5 42 41 1⁄4 
18* 38 9" 19" 45" 
Loag of cen. ecl. point— ese 156* 84" 
E — — 
—— T 45" ONERE 
-147* 37 12° -147* 45° 86” . 
sin 8* 4% 92” cos 14" 8O' x 3551” 
496" 42167. 92 41^ , 





m 


= 


—— s+. 
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Par. in long. = 7* 417 10" 96" x 3351”... ..sin 8* 53' 23" cos 14°32" x 8351” 
Ter. ia long. sio 97 — 09—81-2* 54 2. 50175-11700 42” 7. 








'" .. or Í 
Ë — — e — — 
- 


2 s and latter mean balf duration A" xy 














9" 2976 19" 597*7 














Add to former 
1* 427 1° 4174 
conj 
"Times s of app. contact and separation 
—— * — 12". 8 a.m. 
* em moon Pe im -11* 41* a.m. 1 
— —— Eom moa e uen e ame by NS 
x Buryasiddh&ota Nautical Almanac 
er x | 
| rent XE rus 9* 29**6 9* 337-0 
- 19" 52777 12* 53776 


True former and latter half duration 
of " 
Bubtract and add from and to time of app — 
Emil =” 29". 6 A.M. 
me -]12* 59", 7 P.u. 
0) 
* SaryasiddbAnts y. 
with bija correc- with the 
9 
1 e 


— > i a - 





SANSKRIT INDEX. 


Tan following Index contains all the Sanskrit words, excepting proper names, which 
have been cited in the text and notes, in co 
detailed explanation. It includes many terma of trivial importance, but we prefer to 
err upon the side of fullness, if upon either. All 
are not given, but it is referred to a characteristic 
explained. ‘Che references by Roman and Arabic figures 
an added m denotes the note next following the verse piven: 


alone refer to pages. 


ança, i. 28 n. 

ancucimarda, vii. 19. 

aksha, i. 60n. (C 
akshadrkkarman, vii. 12 n, ix. 5n. 
akshabhá, ii. 13 n. 
akehonnati, i, 60 n. 

agrajyd, iii. T n. 
agramduroikd, iii. 27. 

agra, ni. 7 n. 

aghás, add. n. 26. 

angáraka, add. n. 8. 
angula, iii. 5 n, x. 9. 

aja, '. 58 n. 

aja ekapád, 230. 

anu, wii. 19. 

alivegita, ii, 11 n. 

atigighra, ii. 13. 

aditi, xii. 28 n. 

adhrkdra, i. 70 n, xi. 23 n. 
adhimása, adhimdsaka, i. 40 n. 
adhydtma, xii. 11. 

adhydya, xi. 23 n, xii. 10. 
anurddhd, . 

anurakra, ii. 12. 
*inushmagu, add, n. 3. 
antara, xi. 18 n. 
antaralagnásavras, iii. 50 n. 
antyd, iti, 7 n. 

amdhaká, add. n. 25. 
apakrama, i. 70 n. 
apakramamandala, xiii, 13n. 
apabharant, 

apamandala, xiii, 13 n. 


apaxacya, wii. 19. 





nnection with their translation or more 


All the cases of occurrence of cach word 
passage, or to the note where it is 
are to chapter and verse, and 
Arabic figures when used 


arka, add. n. 3. 

arkaja, add. n. 3. 

arkágrá, iii, 23. 

arjuni, add. n. 26. 

aloka, xin. 16 n. 

acanati, v. 1 n. 

accaltha, add. n. 26. 
üacrayujdu, 211. 

agoini, aqríni, agvinda, 211. 
ashddhà, 224. 

asavas, iii 45 n. 

asita, x. 1Š n. 

arti, i. 12 n: and see asaras. 
asura. i, 2, xu. 33. 

asta, ix. In. 
astamqachant, xii, 13. 
astamana, astamaya, ix. 1 n. 
astalagna, xii. 15 n. 
astáncás, ix. 5 n. 

asphuta, v. 7. 

ahankdra, xii, 20. 
dhargana, à. 51 n. 

qhi budhnya, 199, ix, 18. 
ahordtra, ui, 51 n. 


jkdca, xii, 90 n. 

dkeha drkkarman, vii. 12 n. 
dksha vcalana, iv. 25 n. 
dgneya, viii, 15. 

didi, xii. 15. 

Aditya, viii. 19, xi. 25 n. 
dpa, dpas, 224 viii, 21 n. 
dpya, vin. 4. 

dyana graha, vii. 12 n. 
dyana drkkarman, vii, 12 n. 
dyana calana, iv. 25 n. 
drki, add. n. 3 

ürdrá, 215. 

dryikd, add, n. 26. 

ah, i. 58 n. 

dertya, iii, 12 n. 

dereshd, 217. 

decleshd, 217. 

deannatd, xii. 72 n. 

indu, add. n. 3. 

invakd, add. n. 26. 

tleald, add. n. 26. 





TR 
O ER 33, Hn, ii, 5 n. 


; — i. 97 n. 
—— d oiai, ii, 22. 
uttara, vi. 12n, 918. 3 


a 


uttara khanda, xi. 23 n. 
. uttardyana, iii. 12 n. 

nya, v, 9n, ix. 1 n. 
udayajyd, v. 3n. 
udayapründs, ii. 59 n. 
udaydsavas, ii. 59 n, iii. 43 n 
udaydstddhikdra, ix. ln. 
unnata, iii, 39 n, iv. 96. 
unmandala, iii. 6n. ~ 
unmandalacanku, iii, 3⁄4 n. 
unmilana, iv. 17 n. 
ullekha, vii. 18. 


ürdhram, xiii. 10 n. 
ürdhra yümyottaraer!ta, xiii. 15 n. 


rcas, xii. 17. 

rju, ú. 13. 

rea, ii. 5 n. 

riu, xiv. 10 n. 

rshi, viii. 21 n. xiv. 26. 


ekadeça, xi. 18 n. 
ekáyanagata, xi. 6 n, 18 n. 


dindra, xi. 21. 
oja, ài. 35. 


kakshA, iv. 3n, xii. 65 n, xiii. 4. 
kadamba, v. ln. 

kanyd, i. 58 n. 

kapála, v. 17 n, xiii, 22 n. 
kapila, wi. 23. 

karana, ii. 67, 69 n. 

karani, iii. 30. 34 n. 


s karka, karkata, i. 58 n. 


karna. 41, ili. 23 n, iv. 21 n. 
— — ii, 49, vii. 12 n. 
kalana, i. 10 n. 

kald, i. 12 n, 28. 

kal, i. 17 E 

kali yuga, i. 17 n. 

ey 4. 1 19: 
kápálika, wis. 13 n. 
karmuka, add. n. 16. 
kála, 1. 10 n, ii. 69 n. 
kálagati, ix. 11 n. 
kálabhágás, áx. 5 n. 
kálasddhana, ii. 50. 
kálánçáz, ix. 5n. 
kdshthá, i. 19 n. 







— ii. F3 n. x *18 n. add. n. 10 

tot yd, ii, 30 n, add. n. 18. 
kotijwáphala, ii. 399 n. 

kotipkala., ii. 39 n. 

kona, iii. 34 n. 

konaqanku, Hi. 354 n. 

kránti, i. 70 n. 

krántijyd, ii. 28 n. 

krüntipáta, 9. — 

Kkrántipátagati, ii. 12 n. 

krdntrmandala, xiii. 13 n. 

kránticrita, xiii. 13 n. ° 

kroça, 1. 60 n. 

kahana, M 12 n. 

kshaya, à. 40 n, xii. 72 n. 

kxhits, i. Con. ~ 

kshitija, E 49 n, v. 1 n. 

kshitipyyd, 65 n. 

kship, 1. 10 n. 

kshetra, ix. 16 n. xii. 11. 

lehetrüángás, ix. 16 n. 

kshetriya, 223. 

kshepa, iv. 21 n, v. 6 n. 

khacara, add, n. 22. 

khacárin, add, n. 22. 

— ves: v. 1 n, xiii, 14. 


gana, i. 98 n. 

ganda, xi. 22 n. 

gangánta, xi. 21, 22. 

gati, v. 6 n. 

garbha, v. 1 n. 

guru, xiii. 2, add. n. 3. 

gureakshara, i, 12 n. 

guhyaka, xiii. 3n. 

gola, v. lu. 
"veri i. 13 n. : . 


—— vii. 1 n. 
grása, iv. 11 n, 15 n, 20. 
grühaka, iv. 9 n. 

gráhya, iv. 9 n. 


 ghafi, xiii. 23 n. 
ghatiká, i. 12 n, xiu. 23 n. 


cakra, iii. 12 n, xiii. 21 n. 

caturasra, iii, 5 n. 

catu “ga, i. 15, 17 n. > 
catushpada, ii. OF in j 
candra, add. n. 

— iv, 26 n. 

candrad 5 j 


igas n. 
cara, i. 63 n, xiv. 5n. 
cara — 362, ; 08, 








Sanskrit Index 


caradala, ii. 63 n. 
cala, ài. 40. 

cala karna, n. 42 n. 
capa, add. n. 16. 
citrd, 220. 


chandas, xii, 15. 
chddaka, iv. 9 n. 
chádya, iv. 9 n. 
cháyA, iii. 5 n. 
cheda, wi. 85, v. 7. 
chedyaka, vi. 1n. 


jayin, vn. 21. 


gna, add. n. 3 


‘yd. ii. 27 n, add. n. 16. 
sanina ii. 27n. 


I juápindaka, ii. 31. 


juárdha, ii. 97 n. 


tatpara, 1. 12 n. 
famas, wi. 11. 
tallagndsavas, ix. ll. 
tajika, vii. 23 


tdrakd, tára. vii. 1n, viii. 16, 19, xii. 43. 


tdrdgraha, wi». Ln. 
tigmánçu, add, n. 3. 
tithi, i. 13, i. 65 n. 
tithikshaya, i. 40 n. 
tithyanta, v. 13 n. 
tims, i. 5 n. 


ti ra, x. 15 n 
tiryagiyá, xii. 13 n 
tishya, 216. 


tulad, i. n. 


torana, 291. 
tringatkrtyas, iii. 12 n. 
trincatkrtcas, iii. 12 n. 
trikona, iii. 34 n. 
tricatuhkarna, vii. 14 n. 
trijicd, ii. 60 n. 


truti, i, 13 n. 
#4 yuga, i. 17 n. 





dig, ii. 69 n, v. 2. 
drhkarman, vii. 12 n. 
drkkshepa, v. 6 n. 
drktulyatá, wii. 18 n. 
drktulya etc., xi. B n. 
drggati, v. 6 n. 
drggatijiecá, v. 7. 

drgyyd, v. 6 n. 
drglambana, v. 1n. 
drgertta, v. ln. 

dre, ii. 14, in. 34 n, v. 6 n. 
dreydngds, ix. 5 n. 

deca, ú. 69 n, v. 2. 
decántara, 1. 61 n. 
decántaraphala, ii. 39n, 340. 
déivata, ui. 10. 

dorjyá, ii. 48. " 

dos, ii. 90 n, add. n. 16. 
dyugama, 1. 5l n- 

dyujyyd, ii. 60 n. 

deápara yuga, i. 17 n. 
deisvabhdea, xiv. 4. 
deípa, xü. 44 n. 

dhana, ii. 5 n. 

dhani, = 

dhanishtháA, 227. 

dhanus, i. 58 n, 60 n, xui. 21 n, 
dhishnya, win. ln, xi. 21. 
dkruca, n. 67, vii lo. 
dhrucaka, viii. 1 n. 
dhruvatárá, xii, 43. 


nakshatra, 239. 


995 


add. a. 13. 


nakshatragraha tyadhikdra, viii. lo 


nata, iii. 15, 17 n. 
natayyd, iv. 25 n. 
natabhdagds, n. 17. 
natángcás, in. 21. 

nafs, v. 1 n. 

mara, xiii. 22 n. 
narayantra, xin. 24. 
ndkshatra, x. 5 n. 

naga, ii. 67, 69 n, xn. 33. 
nádi, i. 12 n, xiii. 23 n. 
nádikd, i. 12 n, xiu. 23 n. 
nimilana, iv. 17 n. 
nimesha, i. 12 n. 
niraksha, xi. 44 n. 
nirrti, 223. 

niçákara, add. n. 3. 
nicdpati, add. n. 3. 
mishtyd, 220 


paksha, ü. 66 n. 

pada, ii. 29, vii. 5, 228. 
para, i. 91 n. 

parama, i. 7O n. 
paramakránti, jy4, Hu. 28 n. 
paramámu, i. 12 n. 
paramdpakrama, ii. 28 n. 
param dyus, à. 21 n. 
parárdha, i. 21 n. 
paridhi, ii. 38 n. 
parilekha, vi. 1 n. 
parekhádhikdra, vi. 1 n. 





paryomka, 318. — | 
parean, iv. B n, xiv. 16 n. 
pareanádyas, iv. 8 n. 
parvavinddyas, v. 3. 
parcánta, xiv. 16 n. 


pátádhikdra, xi. 5 n. 
pátála, xu. 33. 
pidma, i. 23 n. 
páradárá, xiii, 22 n. 
pinda, ii. 27 n. 

pilaras, 217. 

pitrya, viii, 18. 
punarvasu, 215. ° 
purusha, xii, 12. 
pushya, 216. 

pirnamd, pürnimá, ñ. 66 n. 
pürnimánta, xiv. 16 n. 
pirea, 219. 

pürra khanda, xi. 23 n. 
püshan, 230. 

prshtha, v. 1 n. 
püurnamási, u. 66 n. 
péushnya, xi. 21. 
prakrh, xii. 13. 
pragraha, iv. 15 n. 
pragrahana, v. 16. 
pratishthána, add. n. 26. 
prabhá, iii. 5 n. 
pramáma, v. 13. 
pravaha, n. 3. 

pracna, 322. 

práci, 1v. 25 n, add. n. 23. 
práñc, vi. 12 n. 

prána, i. 12 n. 
proshtha, 228. 
proshthapadA, 228. 


phala, in. 34 n. 
phalgumi, 218. 
phálgunt, 218. 


bala, wii. 20. 

bali, 922. 

balin, wii. 91. 

bárhaxpatya, viii. 18, 
bárhaspatya måna, i. 55 n. 


báhu, ii. 30 n, add. n. 16, 26. 


báhwujgd, ii. 30. 
báhuphala, ii. 39 n. 

bija, i. On, 34 n. 
1 — — 

r tf, X 8. 
brahman, xii, 12. 
brahmahrdaya, viii. 12 n. 


bha, i. 97 n, iii. 12m. 
Lig sah i. 27 n, ii. 1, xii. 6. 





bhdga, i. 28 n. 
bhddrapadd, 228. 
bhdnu, add. n. 3. 
bhdrgaca, add. n. 3. 
bháskara, ndd. n. 3. 
bhuktásavas, iu. 49 n. 
bhukti, i. 27 n. 

bhuj, 1. 97 n. 


bhuja, ii. 30 n, iii. 5 n, add. n. 16. 
bhujajyá, ii. 30 n, add. n. 16. 


bhujajydphala, ii. 39 n. 
bhujaphala, ii, 39n. 
bhujasütra, iii. 5. 
bhügola, xu. 32- 
bhügoládhydya, xi, 23 n. 
bhüputra, add. n. 3. 
bhübhagola, xiii. 3n. 
bhümigola, xiii. 3 n. 
bhümiputra, add. n. 3. 
bhüsuta, add. n. 3. 
bhrgu, add. n. 3. 
bhrguja, add. n. 3. 
bheda, wii. 18. 

bhoga, ii. 64. 
bhogyásavas, iii. 49 n. 
bháuma, add. n. 3. 
bhramana, xii. 76. 


makara, 1. 58 n. 
maghd, 217. 
mafica, 218. 


mandala, x, 15 n, xi. 18 n, xii. 76. 


matsya, iii. 5 n. 
madhya, i. 70 n, xiii. 15 n. 


. madhyakarna, iii. 23 n. 


madhyagrahana, v. 13 n. 
madhyajyá, v. 5 n. 
madhyapAta, xi. 5 n. 
madhyabha, v. 1. 
madhyama, xiii. 14. 
madhyamádhikára, i. 70 n. 
madhyarekhá, i. n. 


madhyalagna, iii. 49 n, xiii. 15 n. - 


madhyasthityardha, v. 13 n. 
madhyáhna, x. B n. 
madhyge, xiv. 14 n. 

manu, 1. 19 pn. | 

manda, ii. 5 n, 12, add. n. 3, 
mandakarman, vii. 15 n. 
mandakendra, ii. 30 n. 
mandatara, i. 12. ` 
mandaparidhi, ii. 34. 
mandaphala, ii. 44. 
mandocca, i. 94 n. 
mancvantara, i. 19 n. 
maharshs, i, B, xii. 35. 
mahábhéüta, xii. 23. 


ys, xiv. 9n. 


= 


Sanskrit. 


másha, xiii. 23 n. 
mitra, 222. 
mithuna, i. 58 n. 


mukhya, i. 13 n. 
muhdrta, 1. 12 n. 
méürta, i. 10 n. 
müla, 223. 

mrga, i, 58 n. 
"rgaeyAdha, win. 12 ñ. 
mrgaciras, 214. 
mrgacirsha, 214. 
melaka, wil. 1 n. 
mesha, i. 58 n. 
mártra, viii. I8. 
moksha, iv. 15 n. 
mdurvikd, ii. 27 n. 


yajünshsi, xii. 17. 
yantra, xiii. 19. 
yashté, xiii. 21 n. 


yámyoftaracerita, iv. 25 n, xin, 15 n. 


yuga, i. 17 n, 58 n. 


yoga, ii. 65 n, vii, 1n, add. n. 19. 


atárakd, vii. 19. 
yojana, í. GO n. 


ranhas, ii. 8 n. 

ravi, add. n. 3. 
rükshasa, 1. 62. 

ráçi, 1. 28 n. 

réhu, n. B n. 

rekhá, 1. 61 n. 
renugarbha, xin. 22 n. 
recats, 230. 

rohint, 214. 
ráudrarksha, ax. 14. 


lagna, ii, 48, 49 n. 
lagnántaraprámds, ix. 5. 
— ta = 2. 
a cas, ni. 47. 
lankodayás, xiii, 14. 
lankodayásavas, iii. 49 n. 
lamb, i. 27 n, ini. 12 n. 
lamba, i. 60 n. 
lambajy4, i. €O. 


li Hs 28 * 
liptika, i. 2 








Index 


vasu, 215. 

pasira, xiii. 16. 
váyara, vi. LO n. 
våra, 1. 52 n. 

rdrdha, s. 23 n. 

tásaca, yx. 18, 

vikald, i. 28, wi. 10. 
vikehip, 1. TO n, vin. 12. 
rikshepa, i. 10 n. 
rigraha, vii. 22. 
piertáu, 223. 

pipa, vii. 21. 

vilasti, i, 5 n. 

vidig, i. 32. 
ridyádhara, xi. 31 n. 
ridhu, add. n. 3. 
eidhrta, vidhrti, xi. 5 n. 
vidheasta, vii. 21. 
etnádi, 1. 12 n. : 
piparita, xi. 5 n, xii. 72 n. 
pimarda, iv. 15 n. 
cicascant, add. n. 3. 
ricdkhád, 221, 224. 

rigce decides, 224. 
tishama, n. 30. 

cishuca, cishucat, ni. 6 n. 
rishuvatprabhá, iii. 13. 
cishucadbhd, id. 7. 
vcishiucadertta, iii. 6 n. 
vishucanmandala, ii. 6 n. 
pija, i. 34 n. 

erita, u. 35 n. 

erddhs, xu. 72 n. 
ercctka, i. 58 n. 

prehan, i. 58 n. 

rega, n. Il n. 

reda, xu. 27. 

eeddnga, i. 3n. 
våidhrta, edidhrti, xi. 5 n. 
edigea, viii. 4. 
rásshupati, xi. 9. 
cdishnaca, ix. 15. 
cyaksha, xu. 44 n. 
oyatlipdta, xi. 5 n. 
eyoman, xi. 30, 


gaka, add. n. 132. 
çakumi i1. 60 n. 
çanku, uni. Gn, 3⁄4 n. 
gankujied, iii. 29. 
catabhishay, shad, 227. 
cans, add. n. 3. 
çanálçeara, add. n. 3. 
cayyd, 218. 

çara, add. n. 16. 
— — E 3. 
çaçija, 1. n. 3. 

im, add. n. 3. 
çáka, add. n. 14. 
çikħin, 249 nota. 
cighra, i. 34 n, ii. 12. 
cighrakarman, ii. 37. 
cighrakendra, n. 30 n. 
çİgħratara, ii. 13. 
çighraparidhis, ii. 65. 
¢ighraphala, ii. 44. 
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, 226. 
Stngonnatyuibika, x. ln. 
il b. 
ighrya, ii. 42, 43. 
—— 96, iv. 21 n. 
çrarana, iv. 21n, 226. 
 Çracishtháa, 227, 


«rond, 226. 
shadagitimukha, xiv. 6 n. 


sümyoga, vii. 1 n. 
 sumrvat, sameatsara, add. n. 12. 
sanskára, 962. | 
sanhitá, vii. 23 n, add. n. 1. 
sankramana, xiv. 10 n. 
sankránti, xiv. 3 n. 
sadhümra, vi. 23. 
 sandhi, xi. 22 n. 
sannihitam saras, i. 62 n. 
#aptarshagas, xi. Q. 
sama, ii, 12, iv. 25 n. 
zamamanjgala, iii. 6 n. 
samamandgalacanku, ii. 34 n. 
samasütra, xiv. 7 n. 
samdgama, vii. 1 n, 20, 22. 
samása, vi. 3. 
saras, i. 62 n. 
sarpás, 217. 
savana, Xiv. 19 n. 
satitar, xii, 28 n, add. n. 3. 
savyam, xii. 72 n. 





«parca, iv. 
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sámpradáyika, vii. odds 
sdyana, 345. — 

sürpa, vu. 19. » 
Lo 12, xiv. call 


aoe. — * 

sura, xu. 41. 

sdel, iv. 5 n. 

sütra, xin. 22 n. 

s4ürya, add. n. 3. 
süryagrahanádhikára, iv. 26 n. 
süryatanaya, add. n. 3. 
siryadigas, x. 15 n. 

soma, add. n. 3. 

sdumya, viii. 16, add. n. 3. 
gdura, 1. 13, xiv. 3n. 

sthiti, iv. 15 n. 

sthira, xiv. 6 n. 

sthúla, viii. 19. E 
n. 
spas ta, ii. 68. ` " 
spashtddhikdra, i. 70 n. 

sphufa, i. 60. 

— — v. 17 n. 
sphupikarama, ii. 14 

srotas, xii. 

svati, sváti, 220. 


harija, v. ln. + 
hasta, i. 60n, 219. 

håni, xii. 72 n. I K a 
— himaragmi, himdngu, add. 


. 8. 
MUR — 15. 
hutabhu 
horá, xi 





GENERAL INDEX. 


THE REFERENCES ARE AS IN THE PRECEDING INDEX. 


Abhijit, 22nd asterism—identification, etc.,Apimvatesa, name of star (@ Virginis), 


225, omission from the series, 240-42. viii. 21. 
Abu-r-Raibán, see al-Birüni. Apas, name of star (à Virginis), vin. 21. 
Acleshi, Mh asterism—identification, «ete.; Aphelion, 17—see Aptis. 

217; ita last quarter unlucky, xi. 21. Apogee, 17—see Apsis. 


Agvina, 6th or 7th month—i. 51 n, xiv. 3n,Apparent longitude, vii. 12n; term how 
used by Colebrooke, win. 1 n. 





16 n. 

Acvini, lst asterism—identification, éte., Apsis—term how employed in this work, 
211. 17: apsides of the planets, mode 
Acvins, divinities of lat asterism. 211. action. ii. 1-5; revolutions, i. 41-42; how 
Aditi, divinity of 7th asterism, 215. devised, i. 44 n: positions, etc., to dif- 
Aditya, 215 etc., xii. 28 n. ferent authorities, i. 44 n; compared with 

 JEon, i. 19; day of Brahma, i. 20; names Ptolemy's, add. n. 11. 
of past and current, i. 23 n. For moon's apsis, see Moon. 


Agastya, name of star (Canopus), viii. 10. Arab astrology, connection with Hindu, vii 
Age—Great Age, or Quadruple Age, bow 23n. 
corn , i, 15-17; Golden, Silver, Brazen, Arab use of sines, later than Hindu, 63. 
and Iron Ages, i. 17n; quarter-Age,Arab lunar mansions, 200: identified and 
proper iod of hia treatise, 18. compared with Hindu and Chinese, 211-231 ; 
Agni—divinity of 34. asterism, 213; with character and origin of system, 234, etc.; 
Indra, divinity of 16th asteriam, 221; name stellar chart illustrating, add. n. 27. 
of star (8 Tauri), viii. 11. Arc—names of, and of its functions, add. 
Albategnius, Arab inventor of aines, 63. n. 16: part of arc determining sine, ii. 
al-Birüni—visit to Indis, and notices of 30; to find arc of a given sine, n. 33. 
Hindu astronomy, i. 3n, 6 n; identification Ardrá, 6th asterism—identification, etc., 
and description of the asteriams, 210, etc., 215, add. n. 26. : 3 
241. Armillary sphere—construction, equipment, 
[For other Arabic names commencing with and revolution of, xiii. 1-20; its use, ond 
the article, see the initial letter of the comparison with those of other nations, xiii. 
word following the article. ] 3n; its adaptation to observing polar 
Altitude, sine of—name, 130, udd. n. 21; longitude and latitude, wii. 12 n. 
— how calculated, iii. 28-34, 34-38. 37.38 : Aryabhatfta—his period and writings, add. 
© instrument for taking altitude, xiii. 91n. n 1: references to his doctrines, i. 
4 Altitude in time, in. 39. iv. 26. i. 60 n, add. n. 18—see Arya-Siddhānta, 
Amplitdde, sun's at horizon—sine of, id.  Laghu Arya-Siddhinta, Arvishtagata, 
— To]: measure of, on the dial, iii, 7; ite Daçagitikà. 
: constant ratio to hypoth. of shadow, — commentator on the  Sürya- 
7n; how calculated, iii. 22-23, 27-28. uddbánta, add. n. 2. 
| n yous, | . n. 19. Aryaman, divinity of Lith or 12th asterism, 
T Anala, 24th year of Jupiter's cycle, i. 55 n. 19. 
! Ananda—22nd year of Jupiter's cycle, i. 55 n ; Aryashtacate, treatise by Aryabhatta, add. 
* n 


I name of a yoga, add. n. 19. ap K 
| J Angiras, 40th year of Jupiter's ayele, i. 55 n. Arya-Siddhánta, add, n. 1: citations of ita 


quantity not employed in Hindu feachings, 26, i. 44 n, add. n.6. 
.. astronomy, 131. Ascension—see Right ascension and Oblique 
Anomalistic revolutions of nets, p. 71. ascension. ` 

aly, mean—nare, ji. ; how reckoned, Ascensional difference, how calculated, ii. 










i E «e K m. $ l Q | 
Anquetil du Perron, notice of the Parsi Ascensional equivalents—see Right io 

| msterisms, etc., 908. EE enin 1 U U 
s Antipodes, Hind 






`. ndu view of, xii, 51-53. Ashádhá, 90th and 921688 asterisms—identifi- 

Ls dhà, 17th aateri«m —identification, ete., Qoo etc., 224. 
H i < "d * T | ah a. 3rd t , th, l. 5 , av. 
veu" ) Ñ - . dth year of lustruan, xiv. 17 n. see n. * t h E. i ; 7 Ys 


Aspects, unfavourable, of 
when of like declination, xi. 
Asterisms— Hindu name for, 239; how to he Base of a right-angled triangle, ii. 90 n, add 


translated, 239. add. n. 28 : their portions, 






Sürya-Siddhánta | 


sun and moon,3l-Baldah, 21st manzil, 295. 
A Bani} 


» 7th, etc., karana, ii. 69 n. 


n. 16. 


or divisions of the ecliptic belonging toPase-sine=sine, ii. 30 n, add. n. 10. 


them, ii. 64, 907, 239 - their junction-stara, Base of the 


, 4d. Sn, 23-25. 


gnomon-shi 


207; time and motive of selection, 289;Batn al-Hût, 28th manzil, 250. 


names, add, n. 19; situation in 
group, will, 
position, viii. 1m; defined positions, viii. 
2.9: illustrative figure, 206: discordance of 
authorities, 210; errors of position ex- 
amined. and time of definition deduced, 
243; mode of observation of positions, viii. 
12 n; detailed identification of the groups 
and their junction-stars, with statement of 
names, symbole. divinities. defined posi- 
tions, etc., comparison with Arab manzil 
a! kamar and Chinese sien, 211-231: addi- 


tional synonyms of names, add, n. 


each Pava, 2nd, etc., karana, ii, 69 n. 
16-19: mode of definition of Bentley, introd. note; his views of Hindu 


astronomical literature, i. 3n, 27; method 
of determining the age of a Siddhünta, 
23; applied to Sürya-Siddhánta, and con- 
clusion drawn, 24; criticism of his method 
and results, 24, etc.; general estimate of 
his labours, 27, add. n. 8; his view of 
Hindu precession, 120; of asterisms, 224; 


other citations from and referencáas to his 
works, 90. 92, 329, 84, 118, add. n. 1, 
4, 6, 8, 38D. 


965: Phadrügva, name of a clime, xii, 98 


inability of later Hindus to point them ont, Bhádrapadá, 26th and 27th asteriamsa —identi- 
210: a«l-Birfini’s information respecting fication, ete., 228, add. n. 26. I 
them, 210, etc , 940, 941: conspectus of Bhádrapada, Sth or 6th month, i. 51 n, xiv. 
correspondences of the three systems, 234; 9n, 16 n. — 2 
stellar man illustrating their relations, add. Phaga, divinity of lith or 12th asterism. 
n. 27: Biot’« views of their origin and 
connection, 952, ete.: age of the system in 
India. 234; diacnssion of ita character. 12. > if: 3 
connections, and origin. 234. etc.: transfer — name of a clime, containing India, 
of first rank fron ti inf, 237: _ X". Q. ' 

elution to the Jet. —— ae ras — add. n. 1—see Siddh4nta-Qiromani, 
variation in number, and omission of Bháva, 42nd year of Jupiter's cycle, i. 55 n. 
Abhijit. 940. Bhoja-Siddhánta, add. n. 1. T 
conjunction of planets with asterisms, viii. Bhrgya (? Vrshya?) 49th year of Jupiter's 
14, 15; systems of yogas fonnded upon, 244,_ cycle, 1. 55 n. 


Bharant, 2nd asterism identification, etc., 


add. n. 19: helinesl settings, ix 19-15, Bhhdhera, commentator on Sirya-Siddhinta 

17-18; orbit and revolution, xii. 73, 80. add. n. 2. 

90 n. Bija, correction of mean motions of planets, 
Astrologyv—cenerally treated in distinct 22, ètc., i. On; table of mean motions aa 


Astronomy— see Greek 
Astronomical literature of Hindus. 


^tiganda, 6th voga, ii. ñ5 n. 
al-Auwf*, 13th manzil, 990, 


Pw 


Avin-Akbari—orbits of the planets, na 


works, vii, 23n; titles of astrological works 80 Corrected, 22, add. n. 7. 

vii. 23m; connection of Hindu with Greek Biot—his viewa of origin and history of 
and Arab, vii, 23 n : astrological import of Chinese sieu, 211, 232, etc. ; of Hindu ns- 
conjunctions of planets. vii, 18-93; of terisms, 240 ete.: of omission of Abhijit, 
splitting of Rohipi'/'a wain. viii. 13n: of 240: of Hindu sines, add. n. 
eaualitv of declination of sun and moon, xi; references to and citationa from his works, 
of sun's entrance into n sign, xiv. 11. — n, i. 67 n, add. n. 10, 17, 18, 27, 98, 


astronomy, — Hindu $ 
Erahma—day of, i. 20; length of his life, 
i. 21: time of, xiv. 21: divinity of 22nd 
usteriam, 225 : name of star (5 Aurigm), 
viii. 21 n: 25th yoga, ii. 65 n 
Brahmagupta, i. 3 n, add. n. 1—see Brahma- 
sphota-Siddbanta and Khapda Kataka, — 
viven Brahmahrdays, name of star (Capella), vii. 


astronomy, 
"murmmory 
view of, add. n. ] ; 


Avanti, name of Ujjavint. i. 62. 


by, 296, note; description of instrument for 11-12. 
measuring time, xiii, 23 n. Brahima-Siddhinta, add. n. 1. ñ. 
Ayushmant, Jrd yoga, ii. 65 n. Brahma^-sphuta-Siddhánta, add n. 1: ita 
«vatem. how different from Sirva-Sid- 


Paludhanya, 46th wear of Jupiter's eyele, : 
1. 55 n. trines, i. 3 n, 40 n, 117, 210, etc., vii. 12 n, 
views of Hindu ast 


ronomy add. n. 18. 
382; mean positions of the Brhaspati, divinity of Ath aaterism, 216. 
beg. of Iron Age, 90: other Brhaspati-RiddhAnta, add. n. 1. | - 
to his works, R4, 339. Budhavüra, Wednesday, i. 52 n, 
etc., ii, 69 n. al-Bula', 28rd manzil, 296, 


dhAnta, add. n, 6: references to ita doc- 
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15; other ` 


General Indez 


al-Butain, 2nd manzil, 213. 


Qabdakalpadruma—ita list of  Biddbántas, 
add. n. 1 


Cáitra, 12th or Ist month, i. 51 n, xiv. Jn. 


16 n. 
kalva-Sanhità, add. n. 1: references to, 
o al. ete., 945, 251, 252, add. n. 6, 
etc. 
Qakuni, 58th karana, i, 69 n : 


Calendar, sketch of 
1859-60, i, 51 n. 
Qilivihana, era of, add. n. 12. 


Qanivira, Saturday, i. 52 n. 


Cara, name of a yoga, add. n. 19. 
Qarad, autumn, xiv. 10n, 16 n. 


Cardinal directions, names of, vi. 12 n. 
Qarvari, Sth year of Jupiter's cycle, i. 55 n. 


Qatabhisha], 35th  asterism—identification, 
etc., 227. : 
Catushpada, 60th karana, ii. 69 n. 
Central ecliptic-point, v. In; smes of 
altitude and zenith-distance. v. 5-6. 
Chang, th siew, 219. 
Chattra. name of a yoga, 
Che, 24th. sicu, 230. 
Chin, 11th «sien, 220 


s Hindu, for the year 


add, n. 19. 


- 


Chinese astronomy and division of the heavensOrimukha, 4186 year of Jupiter's -ycle. 


—see Siew. 
Chord of an arc, 64, xiii. 13 n, add. n. 
tege cycles, i. 15.21; eras, 
mn. 


16 
add. 
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Conjunction and opposition of sun and moon, 
common name of, iv. 8n: true and ap- 
parent conjunction, names of, v. 13 n 

Conjunction of planeta with one another, vii; 
with asteriams, viii. 14-15; name, general, 
vii. I n; particular, astrological, vii. 18-20, 
22: conjunction viewed as taking place 
on secondary to prime vertical, wi. 6n: 
time and place how calculated, vii. 2-11; 
Agr cam observations of conjunctions, vii. 

Contact of disks, or disk and shadow m 
eclipses, iv. 15 n; time of first and last 
contact how determined, iv. 16. 

Cosine—not distinctly recognized, 64, ii 
30 n; term corresponding to, ii. 30 n, add, 
n. 16; part of arc determining cosine, ii. 30. 

e IR: development of creation, xii. 


——— one asterism—identification, éte., 


n . D. 20. 
Oraivapa dth or Sth month, i. 51n, xiv. 
8n, 16 n. 
Qravishthá, — 24th 
etc., 227. 
Creation, time s 
as given by ot 
of this 


asterism — identification, 


nt by the Deity in, i. 24; 
r treatises, i. 44 n; reason 
allowance, 921 


- n 


Qridhara, ratio of diam. to circumf. accord- 


ing to, i. 60 n. 
i. 


n. 
i fshesa, author of Romaka-Siddhânta, add 
ul. 


Qrivatsa, name of a yoga, add. n. 19. 


igira, cool season, xiv, 10 n, 16 n aS —23 
ratio of diam. to circumf., i. n, 64. DO We | TR T ed 
Citra, — 14th asteristn —identification, toe 10th year of Jupiter's cycle, ! 


55 n. 


' AAA . Cubit, i. 60 n, iii. 5 n. 
Citrabhinu, 60th year of Jupiter's cycle, 4. Qukla—37th year of Jupiter's cycle, i. 55 n; 


55 n. e 
.Qiva, 20th yoga, ii. 65 n. 24th. yoga, ii. 65 n 


s SNI Friday, i. 52 n. 
Civil time, day—see Time, Day. $ 


« i üla, 9th yoga, ii, 65 n. 
loka, eommon Hindu verse, introd. n Cusps of the moon—name, x. 1 n, 15 n; their 


mer, Qobhana —11th year of Jupiter's cycle, i, elevation calculated, x. 6-8; delineated, x. 

55 n; Sth yoga, ii. 65 n. 10- ! 
Co-latitude, terrestrial—name, i. 60 n: how Cycle—of five years, i. 58 n; names of ita 
found, iit, 13-14, 14:17. years, xiv. 17 n : of sixty years of Jupiter, 






: : | . 55 : of twelve years of Jupiter, xiv. 17 : 
Colebrooke, introd. n.: his statement of iA | CU. T 
the s | terms of yogas, ii. 65, add. n. 22 E MOM Lut n: vaster chronaologi- 
identification, etc., of the üsterisms, e - ANC ? 
etc.; information as to astronomical lit- 
erature, add. n. 1: other references toad-Dabarán, 4th manzil, 214. 
and citations from his works, i. 27 o. Dacagitika, treatise by Aryabhatta, add 
26, 44, 115, etc., viii. Ln. 10-12 m, ign, nl. 
19 n, 21 n, xiii. 3 n, 5 n, xiv. 16 n, add -— Bhai, commentator on Sürya-Siddbánta, 
* . 0. 10, | . Nn. . 
Color of moon when eclipsed, wi. 23. Daily motions of planets, etc., i. 25-27; of 
Commutation, mean—name, ii, 220; how equal absolute amount on each orbit, xii 
29 90 n: tables of mean daily motions, 19, 


n. 
a planet—term how — 22, add. n. $, 
e 


7; mean motions in sidereal 


coni 


in thie work, 18; mode of action on t dani 104; true daily motions, how cal- 
planet, ii. 1-6; revolutions, i. 29-92; orbits, culated, ii. 47-51; comparative table f, for 
P" xii, 85-86. | Jan. 1, 1860, 99, 


M 


5 








„i 
d 


references to and 
in Asiatic Re , introd. n., 
œ, 55n. 61, 84, xiv. 16 n, 17n, add. 
pn 17, 339, 339, 864. > : : 
Da vil re how reckoned, i. 86, xiv. 18; 
. number of in an Age, i. 37; varying length 
in different seasons, xii. 45-71: lunar day, 
i. 13; number of in an Age, i. 37; its 
ion, ii, 64; current one how determined. 
i. 66 : omitted lunar days, i. 36; number 
of in an Age, i. 38; bow calculated for a 
given period, i. 50; sidereal day, xiv. 15: 
ita divisions, i. 11-12; number of in an Age, 
i. 34 : solar day, xiv. 3n : day of the gods, 
i. 139-14, xii, 45, 47-51, 74, xiv. 20; day of 
“the Fathers, xii. 77 n, xiv. 14; day ot 
Prajápati, xiv. 21; day of Brahma, 1. 20, 
xiv. 21. 
Day of a planet, i. 
i. 62-63 





34, i. 59; ite divisions. 


Day-meagure, ii 35 n. 
Day-radius, ii. 60 
Day sine, ii. 60 n. 
Declination—name, 52; reckoned as in the 
ecliptic, 52, vili. In: how calculated, 
Hn. : how combined with latitude, ii. 58; 
comparative table of, for Jan. 1, 1860, 99, 
how found by observation, iii. 17-18. 
Declination, equal, of the sun and 


Incon— 
time how calculated, and astrological 
influence, Xi. 

Deflection of ecliptic from an east and 


west direction--how calculated, for use in 
projection of eclipses, iv. 24-25; how pro- 
jected, wi. 2-9. 

Degree of & circle, i. 28. 

Delambre, references to and citations from 
his works, introd, n., 63, 64, 190, vii. 
14 n. add. n. 15, 17, 18. 

Dhátar, 44th year of Jupiter's cycle, 1. 55 p 

adh-Dhiráà, 7th manzil, 216. 

Dhrti, Bth yoga, ii, 65 n. 

Dhruva, 12th yoga, ij. 65 n. 

Lhümra, name of a yoga, add. n. 19. 

Dhvaja, name of a voga, add. n. 19. 

Dhvánksha, name of a yoga, add. n. 19. 

Dial, construction of, in. 1-7. 

Diameter, relation of to circumference, i 
60 n, 64. 

Digit, iii. 5 n; measure of the gnomon in, 
m. 5n; ivalent in minutes, in project- 
ing an eclipse, iv. 26; measure of the 
moon's disk in, iv. 11 n, x. 9n. 

Directions on the sphere, how reckoned, 

vii. 6 n : cardinal directions, vi. 12 n. 

Diurnal circle, radius of, | 


ii. 60. | I 
Dundubhi, 30th year of Jupiter's cycle, 
i. Ú. 


citations frorn hie Earth—form, position, 


157, 


and suppart, xii. 32; 

apparent form, xij 54; its revolution 
—— by Aryabhatta, i. 27 n; dimensions, 
i. ; centre and surface, terms for, 163; 
poles, xii. 34-35; geographical divisions, 
xii, 36-40; zones, xii. 51-69; cavities within 
it, xii, 33; measurement by circles and 
arca not applied to, i. 65 n. 

Earth's shadow, diameter how calculated, iv. 
4-5. 

Earth-sine, ú, 61. 

East and west direction on the sphere, 157. 

East and west hour-circle, iii. 6, xiu. 15 n. 

East point, 158, add. n. 23. — ! 

Eccentric circle, equivalent to Hindu epicycle 
of apsis, 72. | 

Eccentriticities of planetary orbits, compara- 
tive table of, 57. | 

Eclipses—name, iv. Gn; rules, applying to 
solar and lunar, iv; rules for parallax, 
applying to solar, v; projections of oclipses, 
vi: primitive theory of cause of eclipse, iv. 
6n. 11 n: true theory, iv. 9: occurrence of 
annular eclipse not contemplated, v. làn: 
calculation of a lunar eclipse, add. n. 24: 
of a solar eclipse, add. n. 25; projection of 
a lunar eclipse, 179. ` v 

Ecliptic—name, xiii, 13n; pole, 163; divi- 
sions, i, 28; their equatorial equivalents, 
iii, 49.45 : inclination, ii, 28: orient and 
meridian points, iñ. 46-49; central point, 
v. 1n; deflection from east and west direc- 
tion at a given point, iv. 94-25. 

Elements, five, xii. 23. 


Entrance of the sun into a sign, astrological 
character, xiv. 3, 11. 
Epicycle—name, ii. 38m: dimensions, for 


all the planets, ii. 34-37; change of dimen- 
sions, ñ, S8 n, 86, add. n. 18; epicycle 
of apsis equivalent to eccentric orbit, 72: 
relative dimensions of orbits deduced from 
epicycles of conjunction, 87 comparison 
of Greek and Hindu systems, B4: Greek, 
origin of the method, 383. —— 
Equation of the centre—how calculated, i.s 
39; Ptolemy's method, for sun and moon, 
77: for other planets, 83: how applied, 
with annual equation, in finding true places 
of lesser planets, ii. 43-45; comparative 
table of value when greatest, 55. r 
uation of the orb, or annual equation— 
found, ii. 40-42: Ptolemy's method, 
83 how applied, with equation of centre, 
ii. 43-45. | 
Equation of time, correction for, ii. 46; ite 
ieney, ii. 46 n. 343. — 
Equation of motion of a planet, ii. 17-51. 
Fquator, celestial, ili, 6. 
uator, terrestrial 


. 988. x 
, name of, iv. 16 —— shadow, iii. 7, 12-18; how found 
rom 


how rmined, iv. 12-15, v. 13-17. | latitude, iii. 17. E 
Durmati, 29th year y". Jupiter'a < + Equinox, iii, 6n: pn on of—see Pre: 
poe, 4h yet ef Jupiter'a — — ea use among Hindus, add 

m. I š , s a= 
- i Lo - 
E 


Je 
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Ether, fifth element, xii. 23; orbit of, xii. Hour-angle, distance in time from wneridian, 


30, Bl, 90. iii. 34-36; corrected hour-angle, 159; sun's 
Evection, not noticed by Hindus, 77. hour-angle how determined from observa- 
| tion, in. 37-39. 
Fang, 15th sieu, 222. LS US med a a iv. 21 n: hypoth. of 
al-Fargh al-Mukdim, 26th manzd, 229. shadow of gnomon, iii. 8; constant rela- 


al-Fargh al-Mukhir, 27th manzil, 229. tion to measure of amplitude, in. 7 n. 
Fathers, or Manecs—divinities of 10th aster- 

jam, 917, their station and day, xii. 74, 

xiv. 14. Icvara, 45th year of Jupiter's cycle, i. 55 n. 
Fixed stare—names and defined positions of ldávateara, 3rd year of lustrum, xiv. 17 n. 

certain, viii. 10-12, 20-21; their identifica- Ideler—identifications of Arab manázil, ` 


tion, viii. 12 n, 21 n. 211, ete. 
Full moon, day of, ii. 66 n. Idvatsara, 4th or Sth year of lustrum, xiv. 
n. 
Gada, name of a yoga, add. n. 19. al-Ikli], 17th manzil, 222. 


ce | 4d à Inclination—of planetary orbits to ecliptic 
ene saute: Hy Grate Tagara, add. i: 68-70; comparative table of, i. 70n: of 


n 1. i ——— equator, == 38. ouo 
Gara, 6th, etc. karanpa, ii. 69 n. ndra—261th yoga, ai. n: divinity of 18th 
Gurga, args Bidabinte, add, n. 1. os AE — ; of others, 228; with Agni, 
ae un aad eee y urágas, xu. "Inequalities of planetary motions—how pro- 
Gaman. di. 1. 5 n. , duced, ii. 1-8; why of different degrees, ii. 
Goei, Ə3rd sieu, 228. 9-11. 


“ — TT Instruments—armillary sphere, xiii, 1-20, 
—— de grid —— 1 Aa — — vin. 12 n; other instruments for measuring 
AES vi (Qn. 21 eo ' , Lg [x ec —— altitude, xiii. 
, ° ' —* E. | n; for taking zenith-distance at meridian 
Greek astronomy, relation of, to Hindu, 353, transit, viii. * 

. Iron Age, i. 17 n; its commencement, 19; 

T — Hi EN um Apes 775 didi ^ bow determined, 20. 

h L " , . » a 


Gàüdhëartbaprakáçaka, name of — Rangs- 


nátha's commentary on the filrya-Bid. 5) ee 10th manzil, 218. 


dbánta, introd. n. ` reed = ET ages in FPuranic 
——— Ep d wm nay, 2nd AN of Jupiter's cycle, 1. 55 n. 

, š ^ hi " te : ° 
al-Hak'ah, 5th manzil, 214. — a og. Measures, and Coins of 


Han F. — een of eee 208oa-Bhiakare, reference to, 1. 6 n. 

introd. n, add. n. 1. fána-rája, auti of Bic .Sundara, 
al-Han ub, "E — orn. — dec n author Siddhinta-Sundara 
e Harshapa, ldth yoga, n. 650. — Jones, Sir W., references to and citations 
Hares on asteriam—identification, etc., from his works, 200, 200, xiv. 16 n, add. 


. 219. "x n. 1. 
£x Hemalamba, Sth year of Jupiter's Se uper nuc revolutions, ctc., etc., see 
i. 550 lanets—Jupiter's cycle of sixty years, i. 


Hemanta, winter, xiv. 10 n, 16 n. 55; of twelve years, xiv. 17; their relation, 
Hemisphe name, v. 17n; castern and xiv. 17n. ` 

western, of heavens, v. 17 n; nortbern and Jyàishtha, 2nd or 3rd month, i. 51 n, xiv. 
e of earth, xii. 45, 46 


| rmn, Q un : 3n, 16 n. 
Heliacal settings and risings—of plaaets, ix. Jyeshthá, 18th asterisn:—identification, ete., 
1-11; distance from sun of occurrence, ix. 222; its last quarter unlucky, xi. 21. 


6-0; calculation of time, ix. 10-11, 16 : of Jyotisha, astronomical treatise, 1. 3 n. 
 asteriams, ix. 12-17; asterisms which never 






wet heliacally, ix. 18: of moon, x. l. — — Káladagda, name of a yoga, add. n. 19. 
— —— discussion of ita origin, KAlayukta, 26th year of Jupiter's cycle, i. 
= , an m to the Greek, add. n. 30, 5 n. 

Hii, 22nd sieu, 227. h al-Kalb, 18th manzil, 223. 

ington, H. R.—hbis Oriental Astronomer Kamalikara, author of Tattva-Viveka, add. 
|. cited introd, n, ii, 19 n, 84. y "i 
He om, ii n. pa, name of a yoga, ;q AB. 
 Hour—name, i. 53n; succession of regentaKang, 13th sicu, 220 


of, xii. 79. Karage, half a lunar day, u. 67-69 





! 
E] 








|. .. Süárga-Siddhánta 


XKáritika, 7th or month, i. 51m, xiv. Longitude, terrestrial—name, i. 61 n; whence 
8n, 16 — | measured, 1. 62: how determined, i. 63-65 ; 
"Káulava, 4th, etc. karapa, ii. 69 n. measured in yojanas, i. 65 n. — 

Ketu, moon's descending node, ii. 8 n. Lunar time, day, month—see Time, Day, 
Ketumila, a clime, xii. 39. Month. 


Khapda-Kataka, treatise, or chapter of one, Lustrum, cycle of five years, i. 58 n; names 
— — by al-Birüni res- of its years, xiv. 17 n. 
masterisms, 910, ete., 241. ' : > 
Khara, 59th year of Jupiter's cycle, i. 55 n. Mackenzie collection—see Wilson. 
Ki, 18th sisu, 225. Maghá, 10th 


— — ification, ete., 
K , 1Gthb year of Jupiter's cycle, i. 55 n. 158, add. n. 26. — | | 

` “sta hna, ist — fb 69 n. aghÁ, 10th asteriem—identification, etc., 
Kio, h sieu, 220. an, 16 n. 


Koei, 26th sieu, 230. Máitra, name of a yoga, add. n. 19. 


Mallikarjuna, commentator on — Sürya-Bid- 
— 33rd year of Jupiter's cycle, " Manmath atta, "commentator on: "Birya- 
pi ras cia an ates ad ry RTT EB Mánasa, name of & yoga, add. m. 19. 
Krittika, 3rd  asterism——identification, etc., anñzil al-kamar—gee Arab lunar man- 


] | sions. 
ry formerly first of the series, i. 27 n. Mangalavara, Tuesday, i. 52 n. 
Kshaya, Sith year of Jupiter's cycle, i M — 3rd year of Jupiter's cycle, i. 
, 99 D. - Manu, citations and references, i. 12 n, 17 n 
Kuci, 6th stew, 217. 19 n, 23n, xii. 28 n, xiv. 14 n. 
- Sapte d virum d cesare, M on Mao, Ist sieu, 213. 
Kurukshetra, region in India, i. — Márgacirsha, 8th or 9th month, i. 51 n, xiv. 
3n, 16 n. 
» | - a Ms ev i , .. t v2 
Ládha, astronomical authority, 1. 3n. : pag NM revolutions, etc — 
bagsdba or Lagata, author of Jyotisha, " Mátanga, name of a yoga, add. n. 19. 
n. ats cipi M i XO Bürya- 
Laghu-Arya-Siddhánta, add. n. 1; citations — — — —— "e T zd 
and references, p. 26, — 6. 9 21-27; conjectured identity of hia name 
ard 0n. ie —— n. 19. with that of Ptolemy, i. 6 n. _ 
Lita, called by al-Birüní author of Sirya- Mn motions of plancts—see Daily motions, 
faddbánta, í. 3n. š 


| N l — tude. 
Latitude, celestial—name, i. 70n, iv. 21 n: Mean p aces Of Planets—see Longitude 
how measured, i. 70n, vil, 1n; mean Mercury, names, revolutions, ete., elc, —see 
Ereatest latitude of planets, i. 65-70: lsti- Planets. 
tude of planets how calculated, ii. 66-57 ; Meridian—no distinct name for in text, xiii. 
how combined with declination, d. 58. 15 n; name in commentary, 159, xiii. 15 n. 
Latitude, terrestrial —name, i. Gn; how Meridian ecliptic point, iii. 49, v. 4-5, On, * 
ascertained by observation of shadow, iii Meridian, prime—situation of, i. 62; why 
13-14, 14-16: circumf. of earth on à chosen, i. 62 n. 
parallel of latitude, how found, i. 60. Meridian-sine, v. 5. 
Leu, 27 th. sieu, 212. Meru—poles of the earth, xii. 34-35; in 
Li, Chinese measure of distance, i. OF n, Puranic geograpby, xii. 44 n. 
add. M 13. ^ iube < are, i. 28. | 
Lien, 1 pit, - * litra, divinity of 17th asteriam, 
ee boundary of the earth, xii. 44 n, Month—civil, i. 12: lonar, is 18; number 
xiu. 16 n. in an Age, i. 35; names of com - 
Longitude, apparent—term how employed, posing t io year, i. 5l n, xiv. lin; how 
vu. 12n; how found, vii. 7-11. derived, xiv, 16n; divisions of lunar 
Longitude, celestial, of à planct—no name month, i. 51 n : intercalary months, i. 98: 
for, i. 63n; mean longitude how found, number in a given period how calculated, 








^ 49: lunar month a day o athers, 
found, ii. 30-45 : sun's true and mean i- xii. 74, xiv. 14: — crite Haak š 
tude how determined from observation, solar month, i. 13; number in an Age, i. 
17-20, 40-41. 39; names, i. Glin, xiv. l6 n; precise 
Longitude, —term how employed in thia length of the several solar months, xiv. 8n; 
work, will, 1n; ron, cer of aster- division into seasons, xiv. 16 n. 
isma, vii. 2-6; certain stars, viii. Moon— names, revointions, otc., olc., see 
10-11, 20-21. Planete— 's apsides and nodes, revo- 


Y 4 
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. Jutions in an Age, i. 33; mean daily mo- as calculated for Washington, 140; for 
tions of, 19, 22, add. n. 5, T; in sidereal Williams‘ College, 345: degrees of oblique 
day, 340 positions at beginning of Iron ascension, ix. 5 n. 

Age, 19, add. n. 6; orbits, xii. 87-88 :Observations—how far contemplated in 

moon's dimensions, iw. 1; mean apparent Hindu system, vii. 18 n, viii. 12 n, 381; 

diameter, distance, and horizontal parallax, accuracy of Hindu observations, 244, 254. 

iv. 1n; orbit, iv. ln, xii. 85; apparent Oei, 28th sten, 213. 

diameter how calculated, iv. 2-3; conciser Orbit —name, iv. J, xu. 76; orbitas of the 
od, 365: moon's heliacal setting and planets, i. 26, xii. 73-77; their absolute 

rising, x. 1; time of rising and setting, dimensions, xi. SU-00; how determined, 

how ated, x. 2-5; elevation of cusps, ?. 27 n, iv. Lo, xu. 90n; their relative 

x. 06.8; to determine illuminated part of dimensions deduced from epicyclos, 

disk, x. 9; to delineate illuminated part, compared, 57. — 

and elevation of cusps, x. 10-15 : moon the Orient ecliptic-point, iii. 46-40. 

divinity of Sth asterism, 214; relation toOrient-sine, or sine of amplitude of orient 

system of asterisms, 239, add. m. 28; ©cliptic-pomt, v. 3. 

equality of declination with sun unpropi- 

tious, xi. 1 etc.; station of the Fathers, 


xii, 74. Páda, quarter of a çloka, introd. n. 
Motions of planets—see Daily motions, In-L5»dma, name of a yoga, add. n. 19. 

equalities. Padma, name of last Eon, 1. 23 n. 
Mrgaqirsha, Sth asterism —identification, etc., EL ofca-Siddbántiká, 1. 3 n, add. n. 1. 

214. add. n. 95. Parüábhava, Mth year of Jupiter's cycle, 1. 
Mrgavyádha, name of star (Sirius), viii. 59 mn. 

10-11, add. n. 26. Farácara, add. n. 1. 
Mrtyu, name of a yoga, uid m- 19; Parágara or bPárácara Siddhanta, add. n. 1; 
Mudgara, name of a yoga, add. n. 19. its system, add. n. 6; length of year, 25; 


Muh -Cintamani, cited respecting aster- Positions of apsides and nodes, 1. 41 n. 
isms, 209, etc. laraliax—general exposition. of Hindu view 
Muhürta-Málà, cited respecting Abbijit, of, v. 1 n; horizontal parallax of moon and 
241. sun, iv. 1 n; the same acc. to Ptolemy, iv. 
.  Mála, 19th asterism—identification, etc., 223. ln; vertical parallax and its resolution, 
Munigvara,  autbor ae giddhánia-Sárvs- Y: 1n; parallax in longitude, name of, 163; 





bhauma, add. n. 1, 2. mode of calculating, on time, v- X5; 
Musala, name of a yoga, adi S. 19; parallax in latitude, name of, 164; mode 
an-Na'áim, 20th manzi, 225. of calculating, v. 10-12: method of apply- 


ing parallax in determining phases of 
Nadi, sixtieth part of sidereal day, 1. 11. eclipse, v. 9, 13-17, 372; general criticism 


š , 50th karana, ii. 67, 69 n. ol methods of calculation, 176 š: parallax of 
an-Najam, 3rd maned, 213. other planets neglected, wil, 23 n. 
- Nandana, 60th year of Jupiter's cycle. å- — —— 20th year of Jupiter à cycle, 14. 
n. | 90 un. 
Narada, Nürada-S:sddhánta, add. n. 4. Larigha, 19th yoga, ú, 65 n. 1 
e Niradi-Sanhita, add. n. 1. r'arivatsara, Zud year of lustrum, xiv. 14 n. 
,un-Nathrah H Bth manzil, 216. Parsi asterisms, or 28-fold division of ecliptic, 
New moon, day of, ñ. 66 n. 208, 236. | 
— Nieu, 20th steu, 226. làrthiva, 63rd year of Jupiter's cycle, 1. 55 n. 
an-Niyat, stara in Scorpii, 223. Math of extremity of shadow, how drawn ou 
Node of a planctary orbit—name, i. Stn, the dial, us. 11-42. | 
xi. 5n; only ascending node en of, Vath of eclipsing body, how drawn in pro- 
i 34 n; names of ascendi descend- jection of eclipses, vi. 14-16. 
ing nodes, ii. 8 n, 249; of action on atriarclhate, great chronological — period. — 
the | how composed, i, 18: reckoned as day of 


Prajapati, xiv. 21. 
&ulastya or Pulastya Siddhànta, add. n. 1. 
, add, n. 11; corrections applied Láuliga or Puliga Biddhánta, i. On, add. 
. m. 1, 6: its length of year, 26. 
oon. Páusha, Oth or lOth month, i. Sl n. xiv. 
on Bürya-Siddhánta, | 9 n, 16 n. 










me add. qu. g. erfected, the, a race of supernatural beings, 
= Nu, 21st sieu; 290. xii. 98, 31, 40. 
b: "s, how expressed in the text, Perigee, perihelion, as name for, 72. 
"an . àntrod. n. Perpendicular of a right-angled triangle, ii. 
A. A =e. ur 30 n, add. n. 16. 


A jon, equivalenta in, of Verpendicular-sine=cosine, li. Won, 44. 
awe "nap Ru wr — —— i Lara ine = cosine T n a 


| Vhases of an 








Sárya-Siddhánta 


Phálguns, 1th or 12th month, i. Sin, xiv. 13n: the patriarchate, a day of, xiv. 21: 


Sn, lőn. i 
Fhalguni, 11th and 12th asterisms—identi- 
fication, etc., 218 add. n. 26. 
eclipse, contact, 
nce, separation, greatest 
tion, etc.—names, iv. 15 n. 17 n. 
Pi, 2nd sicu, 214 25th sieu, 230. 
Pingala, 25th year of Jupiters cycle, 
55 n. 
Planet, name, iv. 6 n, add. n. 22. 
l'lanets—names, add. n. 3; creation, xik 
22-24; general explanation of motions, 1. 
25.27, xii. 73-77; point of commencement 
of motion, 1. 27, 20 tame of commence- 
ment, i. 24, 19, 20 i. 44n; sidereal 
revolutions in an Age, 1. 20-32; tables of 
periods of sidereal revolution, 19, 22, 
168, add. n. 5, 7; mean daily motions, 3. 


obscura- 


name of a star (ñ Aurige), viii, 20 : name 
of à yoga, add. n. 19. 


Pramádin, 21st year of Jupiter's cycle, i. 65 n. 
iumersion, Pramaéthin, Pr 


year of Jupiter's cycle, 1i. 
55 n. 


l'ramoda, 35th year of Jupiter's cycle, i. 65 n. 
FPravardha, name of a yoga, add, n. 19. 
i. Precession of the equinoxes, iu. 9.12; name, 


120; statement of, iii. 9; form of theory, 
w libration, iu, 12 n; possible reason, 117; 
Bentley's view refuted, 120; theory of 
Siddhanta-Ciromani, not a libration, 119; 
Whether precession taken account of in 
construction of Hindu system, 117, add. 
n. 20; position and history in this treatise, 
116, ete., add. n. 20; rule for calculating, 
ni. w-10; for determining by observation, 
iii. 11-12 : Greek view of precession, 120. 


36, xii. 83; tables of do., i. 94 n, add, n, Prime meridian, i. 62. 
5, 7; mean positions, end of last Golden Prime vertical, iii. 6; its pole, 159; to find 


Age, i. 57; do. beginning of Iron Age, 1. 
55 n, add. n. 6; actual mean positions, beg. 


hypoth, of shadow, when sun is on the, 
i 25-27. 


of Iron Age, 20: to find mean longitude riti, 2nd yoga, H. 65 n. 


for any given time, i. 53-67; mean longi-l'rogresses of the 


tude as found for Jan. 1, 1860, and errors, 
|, 67 n: causes of irregular motion, 
1-11; kinds of motion, ii. 12-13; how to 
calculate true longitudes, ii. 20-45; dimen» 
sions of epicycles, n. 54-398; equation 
centre, ú. 39; annual equation, ti. 40-12; 
calculation of true rates of motion i 
47-51; of declination, ii. 25; data for find- 
ing latitude, 1. 65-70; mode of calculation, 
ij. 56-57; combination of latitude and decli 
nation, n. 55: comparative table of true 
longitudes, daily motions, and declinations, 
for Jan. 1, 1860, 99; apparent diameter, 
iv, ln, vii. 13-14 : orbits, bow determined, 
"v. 1n, xi. 90 n; absolute dimensions, xii. 
50-90; relative dimensions, deduced from 
epicycles, 57 distances from earth, xu. 
54; order in respect to distance, aii. 31; 
order im which referred to in this work, i. 
02m: synodical revolutions, il. 42 n: con- 
junctions of planets with each other, wii; 
with asterisms, viii. 14-15 : heliacal settings 
and risings, ix. 1-11: regency over days, 
"months, etc., à. 51-52, xii. 78-70: day of 
a planet, ii. 59, 
Plava, 9th year of Jupiter's cycle, i. 
— 16th year of Jupiter's 
m. 
Polar longitude and latitude, terms 
employed in this work, viii. 1 n. 


55 n. 
cycle, i. 


Pole—of earth, xii. 34-35; of ecliptic, 163; 


of prime vertical, 159. 

l'olestars, xii. 43. 

Portion of an asterism, ii. 64, 207, 239 
— ee of Know 


Frabhavs, 35th year of Jupiter's cycle, i 
m. 

"raj&pati—39th year of Jupiter's | 
à M D a TE 





sun, from  solstice to 


solstice, xiv. 9, 


jj, Projection of an eclipse, vi; mame, vi. 1, 8; 


scale of, iv. 26; hgure illustratin jec- 
tion of lunar eclipse, 180. sits 


of Ptolemy— possible traces of his name in 


Hindu astronomy, i. 6n; his times of 
sidereal revolution of the planets, 27, add. 
n. 10; inclination of planetary orbits, 1. 
70 n; of ecliptic, ii. 28 n; use of chords, 
64; relation of his chords to Hindu sines, 
add. n. 15; mode of calculating equation 
of centre of sun and moon, 75; of other 
planets, together with annual equation, 
54; bis improvements of Greek astronomy, 
not found in Hindu system, 85, 384; 
relative dimensions and eccentricities of 
planetary orbites, 87; retrogradation of 
planets, U4; precession, 120; distances, 
parallax, and dimensions of sun and moon, 
145; direction of ecliptic in eckpers, 160; 
astrology, wii. 230; heliacal setting of 
planets, ix, Un; positions of apsides and 
nodes of planets, add. n. 11. 


Puliga, author of  Páuliga-Biddhünta, add. 


n. 1; identical with Paulus Alexandrinus ? 
i. 6n, add. n. 1. 


Punarvasu, 7th asteriam—identification, ete., 


215. 


how ¿=a miss 20th asterism —identification, 
Pürva-Hhüdrapadà, 96th asterism—identifica- 
- tion, etc. , . 
 Pürva-Phalguni, 11th asterism—identification, 
249. pashan, divinity of 98th asterism, 980 
nent r an vin as j ; 
ledge, supernatural be * Pual ear aie mte 1 " 


sm—identification, ete., 


`Quadrants, odd and even, ii. 29-30. 


— 


i.Eadius—names, ii. 60 n; value in minutes. 
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Rabu, ii, 6; cause of eclipses, ii. Bn, iv. Serpents, divinities of Sth asterism, 217. 
n. TO Seven Sages, stara in Ursa Major, xiii, 9; 
Ttà&kahasan—23rd year of J iter's cycle, i their independent revolution, viii. 21 n. 
55 n; name of a yoga, add. n. 19 Shadacitimukha, solar period, xiv, 3-6. 


Raktáksha, 32nd year of Jupiter's cycle, i Shadow of earth—diameter on moon's orbit, - 


55 n. | iv. 4-5; no account taken of penumbra, iw. 
Ranganátha, commentator on Siirya-Sid- 5 n. 
dhánta, introd. n., add. n. 2. Shadow of gnomon—names, i. 5n; base, 


Ratnamá&lá, authority respecting asteriams, or north and south projection of, iii. 23-25; 

325. pany 2 path of it« extremity, iii. 41-42 : equinoctial 
Ráudra, 28th year of Jupiter's cycle, i. 55 n. shadow, iii. 7, 129-13: noon shadow, how 
Ravivára, Sunday, i. 52 n. - calculated. iii. 20-22; other shadows, iii. 
Regents of years, months, days, and hours, 25:34, 34-396; shadow cast by any planet or 


i, 51-52, xii. 78-79. : star, how determined and laid down, MM, 
Respiration, measure of time, i: XE 197. 
etre ation of the planete—name, ii. ash-Sharatan, Ist manzil, 212. 
12-13; explanation, and definition of limits, ash-Shaulah, 19th manzil, 224. 
ii, 51-55. Siddha, 21st yoga, ii. 65 n. 
Rewati, 28th asteriwrn— identification, ete., Tiddhånta-Ciromani—date, authorship, and 
230; its last quarter unlucky. xi. 21. ñerivation, add. n. 1: account of Vedingas, 


Revolution of a planet, i. 25.27; numbers of i, 3n; planetary system, add. n. 6; divi- 
revolutions in an Age, i. 29-94. sion of the day. i. 12n; length of year, 
Right ascension, equivalents of the diferent snd mean sidercal revolutions of planeta, 
signs of the ecliptic in, ñi. 42-44. 27; positions of apsides and nodes, 1. 44 n; 
ar-Risbá, 28th manzil, 230. diameter and circumference of earth, i. 
Rohini, sth asterism—identification, ete., 60 n; prime meridian, i. 62 n; precession. 

214; astrological consequences of collision 119; statement respecting precession as 


of the planeta with, vin. 13. taught by Sürya-Siddhánta, 115; sines of 
tohitaka, place situated in prime meridian, zenith-distance and altitude of ecliptic, v. 
d; 62. 7 n; definition of position of uasteriamea, 
Romaka, name of Rome, i. Gn, xii. 39. 211-242; of fixed stars, viii. 120; gee 
Romaka-Siddhanta, add. n. 1, i. 6 n. graphy of southern hemisphere, xii. 44 n; 


Rudhirodgárin, 31st year of Jupiter'as cycle, orbit of asterisms, xii. 90n; armillary 


(d. 55 n. sphere, xiii. 3n; descriptions of instru- 
Rudra, divinity of 6th asterism, 215. ments, xiii. 21 n. 22 n; solar day, xiv. 3n; 
(For words often spelt with Sh, 8' '&, or epicycles, add. n. 18. Sf 
8, see Q under -the letter C.] Siddhánta-Süárvabháuma, add. m. i: method 


of observing positions of asterisms, viu. 
12 n; epicycles, add. n. 18. 
Biddhánta-Sundara, add. mn. 1l: cited by 


Sa'd adh-Dhábih, 22nd manzil, 226. Siddhánta-SArvabháuma, viii. 12 
Sa'd al-Akhbiyah Q5th manzil, 228. : — as expe arisa * iw >: : 
| Sa'd Bula’, 23rd manzil, 227. Siddhi—16th yoga, ii. 65 n; name of a yoga, 


ya, 22nd i. 65 n. Sidereal time, day, year—see Time, Day, 


: | — — year of Jupiter's cycle, i. aqd. n. 19 
PU eer . B. 19. 
—* Bádhya, 2 | Year. 
 Bamvatsara—1st er ei xiv. 17 Pi gien, 98.fold division of heavens by Chinese, 









* year of era of Aditya, add. u. 12. T sd 

Poe ae Pu d : | : 200; comparison with Hindu astertsms and 
Banskri peed) oci, — and pronuncis- Arab lunar mansions, 211-230; map ilius- 
"mc tn lies erat car MN. CREE trating position and relations, add. n. 2; 

oe ag-Sarfab, w^ prom! soe piter'e cycle, i origin of system, acc. to: Biot, 233. 
^ Ba x 2 gem Bun, twelfth part of ecliptic, +. 28; reckoned 
M du larvaiit. l | * i rom any given starting-point, i. 28a, 
' Ri —— year of Soe a cycle, i. 66 n. 58 n; table of names and symbols, i, 58 n. 


= Seite o — aoe ¿Q Simåk, Idth manmzoq, 220. 
&Aubhágya, 4th yo; i. on Sin, 16th «ieu, 223. 

va-—17th vea = Jupiter's cycle, i. Sine—name, 64, add. n. 16; series of sines, 
a $ in minutes, ii. 17-22; comparative table 
of, 60; table of sines for every degree, 
with differences, 833; rule for developing 
the series, ii, 15-16; how derived, 60-61, 
add. n. 15; ita falsity, add. n. 15; Hindu 
use of sines earlier than Arab, 64; Arab 
sines from Greek chords, 64; whether 





Hindu s=ines likewise 
series how obtained, 60, add. n. 15. 


of an are determining the sine, ii. 
50-90 ° to find the sine of a given are, or 


arc of a given sine, ii. 31-33. 


Ring, Sth sien, 218. 


&olar time, day, month, 
Time, Day, Month, Year. 

Solstice, name of, 120, xii. 72 n. 

Soma-Siddhinta, add. n. 1, 6. 

Semavira, Monday, i. 52 n. 

Sphere, 163. 

Square, ii. 5 n. 

Sthira, name of a yoga, add, n. 19. 


year, 


Subhánu, 5lst year of Jupiter's cycle, L 


55 n. ` 
Sukarman, 7th yoga, ii. 65 n. 


Sum of days—names, i. 51 n; how fonnd 
i. 45-51. 

Sun—names, revolutions, etc., etc., mee 
Planets—dimensions, iv. l; mean 


parent diameter, horizontal parallax, 
distance, iv. 1n; to find true 


diameter, iv. 2-3: briefer method, 364 


solar eclipses, iv. v; calculation of a solar 


9 add. n. 15; Hindu 


Sürya-Siddhánta 


i. 13 n, xiv. 12-14; sidereal time xiv. 15; 
solar time, xiv. 3, 10; time of gods, 
Prajápati, and Brahma, xiv, 20-2] : mode 
of reckoning time practically employed, i. 
13 n : instruments for measuring time, xiii, 
16, 19-24: to determine the time by obser- 
vation of shadow of gnomon, ni. 7-30— 
see Day, Month, Year, ete. 

Times of rising, see Ascensional equivalents 

Twan, dth stew, 215. 

Tae, 3rd sicu, 214. 

TU Sth sieu, 216. 

Tvashtar, divinity of 14th asterism, 220. 

Tycho Brahe's determination of apparent 
diameter of planeta, vii. 14 n. 


_Udravatsara, Sth year of lustrum, xiv. 17 n. 
Uei, 17th stew, 224. 

Ujjayini, city determining position of prime 
meridian, i, 62 n. 


and Upanishad, xui. 3n. 
apparent 


!tpáta, name of m youu, add, n. 19. 


Uttara-Ashádhà, — 21st asferism—identifica- 
tion, etc., 224. 


eclipse, add. n. 25; error of sun's motion Uttara-Bhádrapadá, 27th  asterism— identifi- 
sition i tem, 24: adap- cation, ete., 2 ] ' z 
ane getter el n" De NE verres So: "T mitara-Phalguni, 12th asterism— identifica- 
23-25 ; sun's revelation of present Lion, etc., ZIR. 
trentisë, i. 2-9, xiv. 24-25 : his part in the 
—— 219. MAL GRY ef o Váigákha, Ist or 2nd month, i. 51 n, xiv. 
Surd, 128. 3n, I5 n. 


Sürya-Siddhánta—professedly revealed by the 
Sun to Maya, i, 2-0; ascribed by al-Birini 
to Låta, i. 3 n; referred by Bentley to 11th 
century, 24; refutation of this conclusion, 
i. Sn, 94. 390; position in astronomical, ^ 
literature of India, introd. n., add. n. 350; 
its system compared with those of other 
treatises, add. n. 6; present extent, xiv. 


27 n; division into two portions, xi. 

commentaries on, add. n. 2: 

edition, introd. n., add. n. 1. 
Sviti. 15th asterism—identification, etc., 
Synodical revolutions of the planets, 78. 


23 n 


published 


V àidhrta, or Vàidhrti, name of a hostile as- 
pest of sun and moon, xi. 2, 4. 

Váidhrti, 27th voga, ii. 65 n. 

ajta—15th yoga, ii. 65 n; name of a yoga. 
dd. n. 19. 

Vårāha, name of current "Eon, 

Variha-mihira, astronomical and astrological 
authority, i. 3 n, vii. 28 n, 240, viii. 13 n, 
xiv. 6 n, add. n. 1. 

Varáha-Siddhánta, add. n. 1. 

Varivas, 18th yoga, ü. 65 n. : 

Varsha, rainy season, xiv. 10 n, "mers 

‘Varuna, divinity of 25th asterism, 228. 
Vasanta, spring, xiv. 10 n, 16 n. 

Vasishtha or Vasishtha  Siddhánta, add. 


i. 23 n. 


. 
= 


424882 
Tables for finding true places of planets Vasudeva. xii. 12. 


where given, ; 
Thitila. Sth ete. karana, w. 69 n. 
Táittiriya-Sanhitá and 
names and divinities of the asterism 
cording to, 9211, ete. 


Tammaya, commentator on Sirya-Siddhinta, 


add. n. 2. 
—— 52nd year of Jupiter's cycle, 
n. 
at-Tarf, Oth manzil, 217. 
attwa-Viveka, add. n. 1. 
ath-Thuraiyáà, Ard manzil, 213. 


Ti, 14th sieu, N 
P'iine—resl and unreal, i. 10; diferent m 
of measuring reckonir 





odes i | Er Vu s 
and . xiv.; civil Vierthu, name of stars in sting of Beorpio. 
time and its uses, xiv. 18-19; lunar time, r a Meum ip s 


Vasus, divinities of 24th asterism, 227. 
Vatsara, Sth yoan of lustrum, xiv. 17 n. 
1 


3 n. 


N enus- nimes, 


mTaittiriya-Bralinana, Vedas, xii. 
ae Vedingas, i, 


revolutions, ètc., etc., see 
Planets—in conjunction with other planets, 


vii, 23. 


i. Versed sine—name, 64; how found, ii. 22; 


series of, for the quadrant, ii, 23-27. 
Vertical circle, 163. 
Vibhava POR. Peur E Ste 7 di 
"ibhava, 36th year of Jupiter's , 1. 65 n. 
VicAkhà, 16th materiam. -identifieatión, otc. 


een T UM. = a ^ 1 
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year of Jupiter’ s cycle, i. Wilson—his catalogue of I Collec- 
tion referred to, add. n. 1, 2; bis Vishnpu- 


^ year of Ts iter's —— i, 55 n. Purina, see Vishpu-FPurána. 

in, 7th, year of upiter’s cycle, i. 55 n. 

cr of Jupiter's cycle, i. 55 n. 

Jupiter's cycle, i. 55 n. Y, 10th situ, 219. 

of Jupiter's cycle, i. 55 n. Yama, divinity of 2nd asterism, 212. 


meascre of time, 1. 11. Yamakoti, city, xii. 38. 
h ( Jupiter's cycle, i. Yavanas, Greeks or westerners, referred to 
iliac ge of — in Hindu astronomical traditions, i. 6n, 


J 2n Rs 385. 
Sith year of Jupiter's cycle Year—civil, lunar, sidereal, and solar, i. 


a b t , ij. 65 13n; year of the „i. 14; years in 
ya yoga 23:4 ssterlam. 226; practical use in ia, i. 13 n; sketch of 

J original Mes xiv. 10 n. solar and Joni-solar calendar, for year 
author of Vasishiha-Sid- 1859-60, i. 51 n: length of sidereal solat 


years of eras of Cáliváhana and  Vikra- 
years of eras of Calivàühana and Vikra- 


id erum citations from aod — máditya, character and names of, add. 
to, i. 9n, 12 n, 17 n, 19 n, 21a, 99 n, n. 12; years of Jupiter's cycle, names of, 
ii. 8n, xii. 28 n, 44 n. y 55 n; yeara of lustrum, names of, xiv. 
shti, n. 


| ètc., karana, ii. 69 n. S U the — commentator on  Sürya-Siddhánta, 


hånte, add. n. 1. 
u-dharmottara-Puránpa, add. 


"eB, or propellin currents, 
laneta, ii. 8, xu. 73. 
Yoga, — of time—name whence derived, 


11 , ii. 65 n. 
“yoga, ii. j add. n. 19; Toy systems, names and 
— add. M character of, 65 n, add. n. 19. 
Yojana, —— `of length, its subdivision 


| | and value, i. 60 n, d. n. 
tila aspect o sun and oon, xi. Yuvan, 43rd year of Jupiter's cycle, 1. 55 n. 


yay ya, path: year of Jupiter's cycle, i. 55 n. 


Zenith, name of, v. 1n. 

n's Kale Sankalita, references: to ina Zenith-distance—on the meridian, iu. 14- 
— Tes). 3s 15; elsewhere, iii, 33; sun's zenith-distance 

— — aq B4, xiv. Sn, ‘i's, on circles of intermediate direction, bow 
found, iii. 28-34; to find the same else- 
where, iii. 34-360; how found from shadow, 
iu. 14-15, 37; instrument for obtaining 
21 n. zenith-distance by observation, xin. 

n. 


